a2 United States Patent

Toba et al.

US009263291B2

US 9,263,291 B2
Feb. 16, 2016

(10) Patent No.:
(45) Date of Patent:

(54)

(71)

(72)

(73)

")

@

(22)

(65)

(30)

Feb. 28,2013

(1)

(52)

METHOD OF MANUFACTURING
SEMICONDUCTOR DEVICE

Applicant: Renesas Electronics Corporation,

Inventors:

Assignee:

Notice:

Appl. No.:

Filed:

US 2014/0242796 Al

Kanagawa (JP)

Koichi Toba, Kanagawa (JP); Hiraku
Chakihara, Kanagawa (JP); Yoshiyuki
Kawashima, Kanagawa (JP); Kentaro
Saito, Kanagawa (IP); Takashi
Hashimoto, Kanagawa (JP)

RENESAS ELECTRONICS
CORPORATION, Kanagawa (JP)

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 133 days.

14/079,120

Novw. 13, 2013

Prior Publication Data

Aug. 28, 2014

Foreign Application Priority Data

Int. Cl1.

HOIL 21/44
HOIL 213105
HOIL 27/092
HOIL 29/423
HOIL 29/66
HOIL 27/115
HOIL 21/8234

U.S. CL
CPC ...

(IP) 2013-040061

(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)

HO1L 21/3105 (2013.01); HOIL 21/823412

(2013.01); HOI1L 21/823468 (2013.01); HOIL
27/0922 (2013.01); HOIL 27/1157 (2013.01);

HOI1L 27/11573 (2013.01); HOIL 29/4234

(2013.01); HOI1L 29/42324 (2013.01); HOIL
29/66825 (2013.01); HOIL 29/66833 (2013.01)

(58) Field of Classification Search
CPC HO1L 27/0922
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

7,843,013 B2  11/2010 Nakagawa et al.

7,915,131 B2 3/2011 Nakagawa et al.

8,354,631 B2 1/2013 Tateshita
2008/0026572 Al* 1/2008 Wirbeleit et al. ............. 438/663
2008/0237723 Al* 10/2008 Wei et al. .. 257/368
2008/0280391 Al* 11/2008 Shinetal. .......cccovvvenene 438/104

(Continued)

FOREIGN PATENT DOCUMENTS

JP 2009-032962 2/2009
JP 2009-252841 10/2009
JP 2010-205951 9/2010

Primary Examiner — Angel Roman
(74) Attorney, Agent, or Firm — Young & Thompson

(57) ABSTRACT

To improve a semiconductor device having a nonvolatile
memory. a first MISFET, a second MISFET, and a memory
cell are formed, and a stopper film made of a silicon oxide film
is formed thereover. Then, over the stopper film, a stress
application film made of a silicon nitride film is formed, and
the stress application film over the second MISFET and the
memory cell is removed. Thereafter, heat treatment is per-
formed to apply a stress to the first MISFET. Thus, a SMT is
not applied to each of elements, but is applied selectively.
This can reduce the degree of degradation of the second
MISFET due to H (hydrogen) in the silicon nitride film form-
ing the stress application film. This can also reduce the degree
of'degradation of the characteristics of the memory cell due to
the H (hydrogen) in the silicon nitride film forming the stress
application film.

10 Claims, 100 Drawing Sheets

3A 1A
ca(4) MC
SN SO \CP“\ /M‘%(G) SW SW_GEW
Ly - SN 50 & \
| é E( | 2
| M/
\
N IRIN N
NN TN
\ i
3
& 7o } 5A 6N 58 7a8a pug 1 & T LT L
MD 5 MS



US 9,263,291 B2
Page 2

(56)

U.S.
2009/0026551 Al
2009/0250744 Al
2010/0224766 Al

References Cited

PATENT DOCUMENTS
1/2009 Nakagawa et al.
10/2009 Cho
9/2010 Tateshita

2011/0039379 Al
2012/0119299 Al*
2012/0156839 Al*
2013/0105870 Al

* cited by examiner

2/2011
5/2012
6/2012
5/2013

Nakagawa et al.

lizukaetal. ................ 257/368
Scheiper et al. .............. 438/229
Tateshita



U.S. Patent Feb. 16, 2016 Sheet 1 of 100 US 9,263,291 B2

SW GEC) oW
g
SR

—N
A
y{
A

FIG. 1
2
2
)
(
1

S

)\?W
\2
4

|

NS

2A

SN SO GE(4

L\
(

SW
—M

Nr—'\

?



U.S. Patent Feb. 16, 2016 Sheet 2 of 100 US 9,263,291 B2

|
K
PW1

1A

|
\
PW2

2A

M T




U.S. Patent Feb. 16, 2016 Sheet 3 of 100 US 9,263,291 B2

1A
GE(4)

PR, - o
7 _J

FIG. 3
2
)

2A
GE(4)
N
<
HT

?




U.S. Patent Feb. 16, 2016 Sheet 4 of 100 US 9,263,291 B2

7
2
AN
|
\
PW1

oy

FIG. 4
1A
GE(4
|
N
1 LT3

OO

a

2A

GE§4)
|
;

2
)
FANNN
v
T




U.S. Patent Feb. 16, 2016 Sheet 5 of 100 US 9,263,291 B2

\
PW 1

jéw
N

1A
SW GE((4)
_
N
N
>
N
LT 3

SN 50
\
7\
| L
N
/

FIG. 5
2
)
|
(
1

; ANNNN}
/ |

2A
GE§4) Z
NE

3
C NN
J

T




U.S. Patent Feb. 16, 2016 Sheet 6 of 100 US 9,263,291 B2

o~ —F VA

1A
SW GE\(4)
DTN
N B
N (\
L\ 3

FIG. 6
2
2
)
(

.
/
8

SW
|
\7\
\/
Ea
A
/ P

2A

SN SO GE(4)

o~
Jy

SW
~

N ]




US 9,263,291 B2

Sheet 7 of 100

Feb. 16, 2016

U.S. Patent

Vi V¢

Z Ol



US 9,263,291 B2

Sheet 8 of 100

Feb. 16, 2016

U.S. Patent

1A MS MS MS

Vi Ve

8 Ol



U.S. Patent Feb. 16, 2016 Sheet 9 of 100 US 9,263,291 B2

1A

FIG. 9

2A

T



U.S. Patent Feb. 16, 2016 Sheet 10 of 100 US 9,263,291 B2

% ]
o ——
O
=
— D
ﬁ_
«<| W
— (]
O |
; w
wl=
& -
A O
|
GO
L —
A
7/ %
<C S M :
o il - | ]| =
5 I
D
O ] L, '
;{CD \ ] I By
)| = && 44
W 4
/%\“’m
N’—\er
—



US 9,263,291 B2

Sheet 11 of 100

Feb. 16, 2016

U.S. Patent

—

;i\L, ~

f<;/?\t/
'

Vi



US 9,263,291 B2

Sheet 12 of 100

Feb. 16, 2016

U.S. Patent

Vi Ve

¢l 9Ol



U.S. Patent Feb. 16, 2016 Sheet 13 of 100 US 9,263,291 B2

1A
GE
0 |
e
N
LT 3

FIG. 13
2
)

2A

T




US 9,263,291 B2

Sheet 14 of 100

Feb. 16, 2016

U.S. Patent

s

\
z

.__\,w |
A

IS ) s IS
W,\ quzm WNCN 0S NS
ED
MS IS e MS 15 RS
(¥)3D
V1 vz
vl Ol



US 9,263,291 B2

U.S. Patent Feb. 16, 2016 Sheet 15 of 100
FIG. 15
CURRENT HC
LT INCREASED DETERIORATED
HT UNCHANGED DETERIORATED
FIG. 16
GE
SW ( SW
pa
~ N /}\
10 |H
K H\\/\ / / 9
—) =
N - \\\\\\\ / ~

- T

Q0
_UV
=

[F0)



U.S. Patent Feb. 16, 2016 Sheet 16 of 100 US 9,263,291 B2

\/\..,
% B
& —— ] -
[a ~—
/| T =
=41 /4“ o
w P I~

GE(4)
|
7a\
N
W
<
.

FIG. 17
L/

10 2

N7
-
(1 :

w \ o
77/ Ji%/ ™~
< N Xi\ -
o~ o T i—'\\—“/ T
™

T




US 9,263,291 B2

Sheet 17 of 100

Feb. 16, 2016

U.S. Patent

Vi V¢

8 Ol



US 9,263,291 B2

Sheet 18 of 100

Feb. 16, 2016

U.S. Patent

Vi

6/ Old

Ve



US 9,263,291 B2

Sheet 19 of 100

Feb. 16, 2016

U.S. Patent

S S an
| Md » ! " H  —

/ [ €11, g | E€Md €8 el H4NGVS : q/ a8
L

v L e o

\/\__

NERNRRRVAINY

ez

BN P /
C
ﬁ N1

W 0S NS \J\ % ./\N
(F)39 MS MS (9ol /[ |140\.0S NS
Zdo MS
ap ()99
- Vi - Ve

0c Old



U.S. Patent Feb. 16, 2016 Sheet 20 of 100 US 9,263,291 B2

2
)

/) {
\

1A

e

|
\
PW3

3A

i




US 9,263,291 B2

Sheet 21 of 100

Feb. 16, 2016

U.S. Patent

L Md | EMd

W/mvw,

N

///////////////

|

_

¢dd

A .va

|
N\

7y

| 1o |

Vi VE

¢¢ Old

(¥)90



US 9,263,291 B2

Sheet 22 of 100

Feb. 16, 2016

U.S. Patent

G

\LJ
_ 2 emd  BING VS

/////

/////////

I

NN

y 1dO J

Vi Ve

£¢ Old



US 9,263,291 B2

Sheet 23 of 100

Feb. 16, 2016

U.S. Patent

emd BINGVS

, :1

‘/\.__

, &\

e s,

@ WZ_

T \
avm% oo (180 ] @lds
20 (1)99

Vi

Ve

Ve

Old



US 9,263,291 B2

Sheet 24 of 100

Feb. 16, 2016

U.S. Patent

| Md

)

/

G

\|II|>||||/
7 oMd m_m NG V&

W
z

7

H 7

////////////////

N

N

L9,

)
(9)ON

[1d0 |

¢do  (#)90

Vi

G Old

Ve




US 9,263,291 B2

Sheet 25 of 100

Feb. 16, 2016

U.S. Patent

8
;/i e 1 ﬁv 2/5 m\mzmé :
NI~ T
N W AN A ?&\\ ,
x N ( / \
¢ ) ¢ TH
()38 J L \J\\
(99N \ 1do (7799
2do
vl vE
9¢ 9Ol4




U.S. Patent Feb. 16, 2016 Sheet 26 of 100 US 9,263,291 B2

7
?
|
|
\

PW1

oo o "

1A
GE(4)
2

( L
\
LT3

FIG. 27
7a
|
~
)
|
\
PW3

) Cl<31C/PZ MG\(G)
2R
NN
4%
X

CG(4

7b
2
7




US 9,263,291 B2

Sheet 27 of 100

Feb. 16, 2016

U.S. Patent

g
\I’LKJ
n_ m ._.|_ F m>>n_ mm Zm <m |_I

/ | , \: b
- \: AN L
s E, W=
Z [ ¢

M . M m\h ///\ Q\h
d V4

S

,,
/\
S NS _
Ms | Y / \V \/
MS S
($)3 MS 9N/ 1dD | OS NS,

2do (P)O0 MS

Vi VE

8¢ Old



US 9,263,291 B2

Sheet 28 of 100

Feb. 16, 2016

U.S. Patent

SW G

Mooy g W TEE Y T
1 Q\: | N VA/ IVNIIIVE,
NV NNz =S
NS N NN
L A
>>m€m_o(>1>\mt MS Aefczx Lo/m/mum
2do MS
o ()99
Vi VE

6¢c 9Ol



US 9,263,291 B2

Sheet 29 of 100

Feb. 16, 2016

U.S. Patent

SW

G

;>n_ ‘ : ,

_ eMd B8 BL ‘98

NG V& f

/;:j/w

SANINNNE
, ,E\xﬁ

N2 Z S

B N AV ) N VAR
A \ \Z AN \ e \ //
¢ < : 6 &// /
0S NS /[ ,r \WA
MS | T Ms !
()30 M (9) cz 1O
¢dO
Vi VE

0¢ 9Ol4



US 9,263,291 B2

Sheet 30 of 100

Feb. 16, 2016

U.S. Patent

I S an
s eeh e e WY PR,
[
SENIENAR NARRVAINY
A O R S
— ,,)ﬂ//\/ I \ /%//
A /\ &/ /”
‘ 7 015 A
d
MS \ 0S NS » |
Qv,m_w MS >%m vavms_ 1d9 1 0S NS
¢do MS
O_\/_A.vvmvo
vi Ve

L& Ol

I




US 9,263,291 B2

Sheet 31 of 100

Feb. 16, 2016

U.S. Patent

S G

i /
4
< \,\
\ %
0
» \ x OJm NS
— "S- oo _%Jﬂmk
cug MS | DS NS, ‘R L 00
3D MS
Vi vE
¢€ Old




US 9,263,291 B2

Sheet 32 of 100

Feb. 16, 2016

U.S. Patent

SW

» - mzf\m,f

| E€Md ©8 BL

L

| °

anw

S
q. 98

RN

2

4
x

J

)
MS (g)op \ 1dD

¢dO
on @)

\

0S NS

(Jxll\
MS

90

Vi



US 9,263,291 B2

Sheet 33 of 100

Feb. 16, 2016

U.S. Patent

SW

—M— A
_ m\sm mm mm mm

G

NG vg TH

—N
g/ 98

e

\

\ ///:

\/\__.

_

e

N

LN
\/ N -
W f\,a\ ._\
MS \ v Wm NS
(9N [ | 1do}, .
2do MS
o (7)90
Vi - Ve o
14D = |



US 9,263,291 B2

Sheet 34 of 100

Feb. 16, 2016

U.S. Patent

m;agj%m \ﬂI\r%
AN 3

SRS

N

\
0S NS N .4
Ms | S~ J N
($)3p MS MS 86_2\ 1d0\.0S NS
Zdo MS
N (#)92
V1 e

G&

Dl



US 9,263,291 B2

Sheet 35 of 100

Feb. 16, 2016

U.S. Patent

\/\_

SW g an
. ;/Kh e 11, 2& ﬂm\,mw‘mmzmé, JAI ﬂ%
| U
F:/:i\ /7///\//7/\
A7
\.ﬁﬁﬁisﬁ
N\ AN
- Ry N &,/a\i\
St iR
" w30 M MS @92\ 40} 08 NS,
¢do MS
o (780
V1 - VE

9¢ Old




US 9,263,291 B2

Sheet 36 of 100

Feb. 16, 2016

U.S. Patent

S g an
:Aa el | EMd mﬁm m_.\. % Jﬁzm “0s a8
, \ [N

. }—

AEAVEINY

\/\__._

SENIINNAR
AT

N

v

i

\, _—y Y \ \N \ s B
Z s //ﬁ IS TS //m / Ny s
AN 0S NS i | \\VQ\/A
s T~ 0S NS
i S MS ovo | (0|8 NS,
2do MS
oW ()90
. ) Ve -
L& DA



U.S. Patent Feb. 16, 2016 Sheet 37 of 100 US 9,263,291 B2

FIG. 38

CURRENT HC
LT INCREASED DETERIORATED
MC UNCHANGED DETERIORATED

FIG. 39

10
sw 9 CG( Mo

N
L4

do

I

Lovdlidogdmmafnaclopdlndlmdl ol

NN

< SoNS*+#

Ly

MD PW 5 MS



US 9,263,291 B2

Sheet 38 of 100

Feb. 16, 2016

U.S. Patent

SN § an
I /\Inlu\fJ A
. 8 RS

B AR

\/\___

\ANSINNAR NRRRYEINY

A * _ ! , Nn_OO_z A.EOO
N MS OS NS 0}
(7)39 MS
vi Ve
oy Old



US 9,263,291 B2

Sheet 39 of 100

Feb. 16, 2016

U.S. Patent

S S an

\...\(:J\Il\rllJ
| emd eg L BING VS H e

I N ,m

ANIENTAN

Vi

Ve

v Ol4



US 9,263,291 B2

Sheet 40 of 100

Feb. 16, 2016

U.S. Patent

SW G

s
Hid | EMd E8 EL G NG VS

H
| ¢

aw
N

I N O I O
|

——1 oo

\/\....

NSNS

7

NNV N

LA

“_/

K
AN

14 AT

A

i
)

=
N
|

e 0S NS =
($)30 MS MS @92\ 1d0\.0S NS
Zd0 MS
I (¥)92
V1 v

¢y Ol



U.S. Patent Feb. 16, 2016 Sheet 41 of 100 US 9,263,291 B2

FIG. 43

IL
SW FG(CG SW

L LV

“

%




US 9,263,291 B2

Sheet 42 of 100

Feb. 16, 2016

U.S. Patent

SW

g

}}

EMd B8 BL

|

gg NG vg H

|

]
,

NIEEAN)

WilZ=S

, N
BN R NS R AN
N, N N
¢ /./4 ¢ /N/ , ¢ &,//\/\
\ N Lo ! |"e%)
s 95 NS, ()39 ﬁzlm\ A
(7)30  MS ms MS MS (9o [ |1d0}0S NS,
2do MS
A (1190
V1 - Ve Ve
vy 9ld




U.S. Patent Feb. 16, 2016 Sheet 43 of 100 US 9,263,291 B2

X VA
\”_\_/‘%
< \
\’\/%
Lf) <C
<~ S
Q \ -
LL
NP
= \
\/\_.




US 9,263,291 B2

Sheet 44 of 100

Feb. 16, 2016

U.S. Patent

Zz tMd

L— N

¢Md

P T

L — M

llllllllllllllllllllllllll

//////

Vi

Ve

9y Old

Ve




\ |

mﬂm\%\iﬂ/\ ,,,,,,,,, /@ \ \ AM/A& M//

.&o 38

U.S. Patent Feb. 16, 2016 Sheet 45 of 100

Vi Ve

v Ol



US 9,263,291 B2

Sheet 46 of 100

Feb. 16, 2016

U.S. Patent

L

m

Z | CMd z  EMd d9 Zm<m
[

r

I Md
Nv mv L)

N

|

. WO, WU, "SI, S ¥ fﬂ~f f!./ﬂl A A "SRR, YO, W, VN, G, S, . . ", "SI V. . ", . N

¢ Eo (9)2dS

SNV

Kmn?tnxigi
DO

-

)

(9)oN

v 3 %
\ 1| a:%
2do (#)B0

Vi Ve

8y Old



US 9,263,291 B2

Sheet 47 of 100

Feb. 16, 2016

U.S. Patent

z !
R

Md
/
il

N —4
L
¥

N

\v\

o7

fﬂﬂﬂI//"fff.lilfl/f/.f/‘rfll/‘_V/.fil

_>_ ?M_OJ

¢do (#)00

Vi

Ve

6v Old



US 9,263,291 B2

Sheet 48 of 100

Feb. 16, 2016

U.S. Patent

G
e

N
AN //i

VA.__.

\

N AV VN 77

A/

TN N\
N W//

14O

\ | (¥)90

=

Vi ve Ve

0G Oid



US 9,263,291 B2

Sheet 49 of 100

Feb. 16, 2016

U.S. Patent

‘/\__.

g
;,>n_ e ._./u_ N>/>n_ ._./I e m>/>n_ m\m ZAm <,m o |____.._
, \ A \ ,\
S NE—ANE IRV
|
z . z 7/ [T e ﬁ_/ KNooa
; N7}
y)39 | \V
N | Ldo (99
2do
V1 Ve Ve
LG Ol



US 9,263,291 B2

Vooas

Sheet 50 of 100

Feb. 16, 2016

U.S. Patent

) 7 TR Nzl
/\ _ L ¢ B/ N / N qz
N @wm_@ ww NS A&W ,V,\u\_/\\v
()30 MS MS M MS (9)om \ EOK 0S NS
zdo (7)D0 MS
Ve VE
¢G Ol




US 9,263,291 B2

S G an
EMd B8 8L GSNG VS JAIm w{ﬁ ,ng

i LA

#

0
N AN

\/\_

Sheet 51 of 100

Feb. 16, 2016

\ ! 74—
NNz

m ¢ N //”
- Ak A0
MS MS QQM&\O _%Jmmuw

MS
o ()99

Y
£
\ %

U.S. Patent

ve VE

€G Ol




US 9,263,291 B2

Sheet 52 of 100

Feb. 16, 2016

U.S. Patent

SN G an
| TR W \ , ] L]
ENSINGRENDNE AV NTUIENVE

) "N\ ;
NN ANTIENINIZ S
m \ /\ AN F\N/ //\ AN K ML|r_ K

AL D N 6 ” N
) O8NS, \ mwmo owm NS j a \ﬂm/\
Mo M S WS Ms Gvoz\ Eo/m.m\_,_lm\
20 | po
oW
Vi V¢ Ve
rg Old



US 9,263,291 B2

Sheet 53 of 100

Feb. 16, 2016

U.S. Patent

SI G an
T I..J\lILfI.I/
Hid ¢Md EMd B8 BL BSNGYS H e

HRERE

(7)3D MS

GG old



US 9,263,291 B2

Sheet 54 of 100

Feb. 16, 2016

U.S. Patent

SN g an
—N A

9ot e f oMM we o o M TEEEET, We
VENEINUIEND NI AR NIEVENVE:
- QU S

Z

V¢

9¢ Old



US 9,263,291 B2

Sheet 55 of 100

Feb. 16, 2016

U.S. Patent

8
_

SW
—N

EMd ©8

|

e/

I

G

anw
N

g5 NS VS J.I TR

|

R

—~— .~

N

\/\__

ol

L/

ANY

N
VAL

\\\m\f

7

MF
0S
M

/
1

?Q%m

¢

6

L

/

e

N

N

<

y8Y
J

947
NS \ V 3
MS
S (9)OW EO/.oWsum_
2d0
g ()90
7 T Ve - Ve
.G 9l



US 9,263,291 B2

Sheet 56 of 100

Feb. 16, 2016

U.S. Patent

S G

}}
EMd B8 8L €S _,_m vg H

U L

an
—N
QN Qm

RN //71

‘/\_._

/
Y M,v,\
\ s avdos_ \ A/L_o g
gwsmm @%zlm o o0
vl Ve Ve ~
8¢ Ol



US 9,263,291 B2

Sheet 57 of 100

Feb. 16, 2016

U.S. Patent

SW g an
g i l ¢hd m\sn_ mm 2 mm NG vg ﬂ)
] T m | RN

A NINEVEINE

\, 174l 1
& SN i %S

-,

N Va // /// ,
/ ¢ N / @
_ ﬁ Al
{ \
()39 M3 Ms @mzx Zo/om NS
Nn_OO/_z @.vwo\sw
Vi Ve Ve
6G Ol



US 9,263,291 B2

SW 5 an
, He 4 g EMd Jm m_ﬁ m\mzﬁm Jm ._hIm \.tﬁ (Jnm
, _,, M‘/

INEERNAEETNY

W

SMANSINYIIZES

Sheet 58 of 100

Feb. 16, 2016

Z

N \ L

U.S. Patent

\. :\wm@ Ww zw ” \u« \
MS NS MS (gyom/ |1d40\0S NS
MS
° o #90
V¢ Ve
09 9id




US 9,263,291 B2

Sheet 59 of 100

Feb. 16, 2016

U.S. Patent

SN g
8 ;Jih ell g |} wg/\am He 8 m?@w\wwm\mz.ﬁ,m JAIm MMW_WJ
| R R W SR R I N S L | [\
NN UMEEDNIN IR NINNIEINY

\ I\ .
A ST
AR ”/H\\ Bz s \77\//\ TS ¢S ¢ /// //” Zh

jx T P W 7
b NS e 03[ O8NS w =
(w3 M 15 ms S oo \Eoymw@_,_l@
“Oon (v
Vi Ve Ve
L9 Ol




U.S. Patent

Feb. 16, 2016 Sheet 60 of 100 US 9,263,291 B2
CURRENT HC
LT INCREASED DETERIORATED
HT UNCHANGED DETERIORATED
MC UNCHANGED DETERIORATED




US 9,263,291 B2

Sheet 61 of 100

Feb. 16, 2016

U.S. Patent

SW g an
¢ m:ﬂin mh/._ L 8 J wm\,AEm He 4 8 m>/>m mﬁwmx m\mzﬁm/\_m JA_Im n\;m
” Lo L , \ /,_/ \ , ﬁ R
F/Ix INVENER NN 7,%/ AVANTE,
/ x\ N
, Ly/ i Na
/ / N
N N
: NN | rzo0
A
qx \, o
M gon! [N
2do MS
o (1)99
B Vi Ve Ve

€9 Ol



US 9,263,291 B2

Sheet 62 of 100

Feb. 16, 2016

U.S. Patent

Md w%\%‘mmzmﬁm,f \Iﬁ
AR SR T T A S 1 A O
mENEINE wvi RNIREVANY

%

N
N

MS | ()39 0S NS V \ w
05 NS, MS e 0S NS
2do | MS
' V¢ B Ve
79 9Dl



US 9,263,291 B2

Sheet 63 of 100

Feb. 16, 2016

U.S. Patent

G SR |
[ WHg o EMd €8 EL m\me<.m qum ﬂmj
R U S W— ERRARIR!
NIRRT ENUE!
R //\$J % ¥ 7 —
/ A M. // |
neph N
()ap MS MS MS (9N | ﬁEoJ 0S NS
Nn_o/ ( MS
qp (F)90
Vi <m, Ve
g9 94



US 9,263,291 B2

Sheet 64 of 100

Feb. 16, 2016

U.S. Patent

S g
} \'ll\fllj
eMd B8 8L 95NGVS H

RS

8
|

an

}

q. 98
|\

REVENY

»/\___

[

K AN
NN ANSINYIIZES

1N N ”//\ ~N N /\ \ \/ — /// N\
NN /M 1/
6 © A0
/
I N
(¥)39 MS MS (9N 1d0|.0S NS
¢do | MS
A ()90
V1 - VC VE "



US 9,263,291 B2

Sheet 65 of 100

Feb. 16, 2016

U.S. Patent

an

}} R, N—

z m_ el | N\ﬂi IH g 2& mw L mmzﬁw JAIm o 9
, ) ) \

7// BVANY

\/\""

NN

%
J
0S NS
— \ _ ¢do MS
g M8 0S NS z ol MS (p)3p OS NS oy (780
CoE MS
7] - Ve Ve
9 D[



US 9,263,291 B2

Sheet 66 of 100

Feb. 16, 2016

U.S. Patent

8

EMd

/

S S

eg g/ d5NSvs H

RN

g

|

aw
—N
q. 98

[

\ﬁ

ANEVENUE

RN
N

!

}

\ L

MAOF

~

N

N

¢

(F)3D MS

W

NN

2.

ﬁ

N

N S

N

/\,

N

0

LA

| )
MS (9)an \ 1O

¢do

v
0S NS

fu)\rt\

MS

o (F)99

vi

VE



US 9,263,291 B2

Sheet 67 of 100

Feb. 16, 2016

U.S. Patent

SW g aw
—M

EMd ©8

mhm m\m zﬁm <_m JFIm ‘9. 98

[

|

N

\/\___

Vi

AN

A

\
YA AN

5

NN

RN ) ¢ 6
.&\\,\v;\
.............. T / 1Y
| | I MS (oyom [ |1do|0S N,
MS H 0S NS MS ﬁ 0S NS MS
_ \ \ ¢do
()3 MS #)3Id NS an (7990
Vi Ve ) Ve
69 9ld



US 9,263,291 B2

Sheet 68 of 100

Feb. 16, 2016

U.S. Patent

\/\_

SW G an
R W e g TR, e
T | :/::\ ANE

T T

N

N VAN

=~

«\ W%

N\l d

J AN
(g3 MS MS MS av@z\ _D_o/ 0S NS
zdo | | Mms

N (¥)90

Vi Ve VE
0/ SOl



US 9,263,291 B2

Sheet 69 of 100

Feb. 16, 2016

U.S. Patent

oL g
,v,/

8
#

/

SW

G

N
EMd B8 EBL

L

g5 NG vg ™H

e

\

L

AN
NN

ﬂ |
VAN AN
g AN ¢ TR
w& , w_m7__ N @Wm@ Wm NS ﬁ Nk v«:ﬁ.“d
" a0 WS S s MS @Wz\ C_o rﬁ/v.m\_v_.m
N%o/s_ 103
7 V2 Ve
VAR |




US 9,263,291 B2

Sheet 70 of 100

Feb. 16, 2016

U.S. Patent

S : an
P B 7 I TIPS éMa 8 °L ‘BING v W T
A A e 4 N Y 2
EENINSIEADNINEA AR N
s L
N ‘ N
? N7E
h K /\A m V ) 8%
¢do MS
OW ()90
vl o Ve - Ve

¢/ Old



US 9,263,291 B2

Sheet 71 of 100

Feb. 16, 2016

U.S. Patent

EMd

,

|

m_z m
“eg e/ ‘A5NG VS H

NRERNE

£
L ,
|

IRNIEIVENYE!

L

NNz ES
wmn_ ;m@ro@_w)s\ww o\_ s um_o ofw,w_,.__w
Yi Y¢ VE
£ DI




US 9,263,291 B2

Sheet 72 of 100

Feb. 16, 2016

U.S. Patent

W g an

I N I__I_ }
; 8t o, wm?: He mza mm £ ; m2m<m, ot
L] | \ H \ L _ " /\

/\
/_\ ﬂ
@m_m _om NS
MS
Vi Ve Ve
v/ 9Old




US 9,263,291 B2

Sheet 73 of 100

Feb. 16, 2016

U.S. Patent

A an
} SO, N
maammﬂmzﬁm J_._m QZm

,:i:l/

RNIRETENY

Yl




US 9,263,291 B2

Sheet 74 of 100

Feb. 16, 2016

U.S. Patent

SW S

, an

2o M e, s L g, e mm;&ﬂmwwmmz?mfmﬂ%
Pf/,/,,,,w,/,//,,/m,\ n‘\/
EEINVENEDNEE HEVAINVE,

RN
NINNIIZES

\\/ i // <
f N7
¢ A
6
0l \J x AN
0S NS
A A A e )0
eud Mo | O NS, MS ()ap OS NS, 1 o ()99
3 Ms NS
Vi V2 Ve



US 9,263,291 B2

Sheet 75 of 100

Feb. 16, 2016

U.S. Patent

SN
M
EMd E8 EL

G

‘GsNsvg H

RERS

Vi



US 9,263,291 B2

Sheet 76 of 100

Feb. 16, 2016

U.S. Patent

S : an
eMd mnw mnﬁ m\m zﬁm <rm JAI TR
\ [ LA

VENY

LY
} I 1A
BN Eo\,om NS
MS
N%os_ (¥)90
Vi Ve - Ve
8/ 9l



US 9,263,291 B2

Sheet 77 of 100

Feb. 16, 2016

U.S. Patent

EMd

S

\ll\())\.||\.f|||/

Eg EL

G

gGNgvg ™

| €

an

—MN
qa/ 98




US 9,263,291 B2

Sheet 78 of 100

Feb. 16, 2016

U.S. Patent

g

SW
eMd BB BL GG NG VS H ,

L

aw

N

nx O_m
INES

o

L

4

YA/

( ”/ /h "
N\ |
/v RN
MS
avoz\ Eo\,ow NS
Zdo MS
(#)3D  MS CO= TN on (199
Vi Ve VE
08 9l



US 9,263,291 B2

Sheet 79 of 100

Feb. 16, 2016

U.S. Patent

SN g an
\In\flu/ \I.rJ U, N

e M e g e, e

] NENRNIRIVANVE
o NSINYlZ=N
! M M ///_”\

/
N
mVJOS_

0%
RPN
g M Ms MS ( \ 1dD |08 NS,
¢do MS
ap (1990
vl Ve Ve
(8 Old




US 9,263,291 B2

Sheet 80 of 100

Feb. 16, 2016

U.S. Patent

S G

\/\_

an
\ I | \ , _ “ |
SNNURENRNI :/ Ht NN
\ \ ) ‘
INVANZNSIENANNIZE S
L\ \/ \4 L/ N
BmA¢VMomw>\_m,_lm\ Ms o m.m\,w\ww \sw (9)9I _WOWM\W@
Z2do MS
on (V)0
Vi Vi Ve
c8 9lH



US 9,263,291 B2

Sheet 81 of 100

Feb. 16, 2016

U.S. Patent

3 EMd

L

SW

N
eg BL

|

G

\I..\fll)
95 NG V§ Jﬂ_._m a/ 98

|

an

|

[\

}

\__,_.,/O"J

IR NIERVAINY

‘/\_

N2 2\7/

N \i VSN

XA
N N Y < NI N « \ < a— \KWMHHMWMW.\AM/V
N L/ / N
¢ s vx”/// 7 N % /% _ A IS ¢S % N / TS
\{ A A& ) [
J | 0S NS ns (#)39| 0S NS ) /\A
N i s TSNS %J_mvoz\ ?o 0s
2do | MS
ON (#)90
Vi VT Ve
€8 9Ol



US 9,263,291 B2

Sheet 82 of 100

Feb. 16, 2016

U.S. Patent

S g an
SMd E8 BL mMmZ~m<w .._A,_.._m q/ a8

w/ﬂﬁ N

IRNE

V'

V4! \_ 7

LA

///
_

Vi Ve ‘ Ve



US 9,263,291 B2

Sheet 83 of 100

Feb. 16, 2016

U.S. Patent

VA

SW g
¢ 3 e . e Zﬁmﬁm\;ﬁ;i?%m
F UL | U W W _ [ ]
L«/\::Z HENENENANTERVR\NY,

T

NS

N

1)3ID  MS ()30 M5
.
2 |
| L¥d
V1 Ve B
G8 Ol




US 9,263,291 B2

Sheet 84 of 100

Feb. 16, 2016

U.S. Patent

M ien g e e g T, e
SN UM ED NN R NTENTR\NUE
V] C

Lk

N

N
iz
\ﬁ N

%

.?
e S

1"98%

3

AN
(v)30 MS MS MS av@i /Eo \8 NS
¢do MS
o (7)90
Vi Ve vE
98 Ol



US 9,263,291 B2

Sheet 85 of 100

Feb. 16, 2016

U.S. Patent

8

S

§ an

}\'l\(.‘J]l\fJ

EMd BB EL

L

d

RN

GNGvg H q o8

—t

/

VA

NAEEEYENY)

7z

N s . o — N =
S / m 4 //
......... A AN
SOl J , k\ \m\\ ===
MS OS NS
onwzx —n_ox, e
‘O #90
Vi \'i4 veE
/8 Ol



US 9,263,291 B2

Sheet 86 of 100

Feb. 16, 2016

U.S. Patent

8

AN S an
SMd B8 B/ dGNG VG H \LﬁfJo_m
L€
|

[

RERVE\NUE

RNIRRVEINY
SINIZza

1 N T
¢ N MS avoi 140 | .0S NS
Z14d ol | e

N ()90

Vi

V¢

88 OlId

Ve



EMd €8 BL GGNsYS H o

US 9,263,291 B2

Sheet 87 of 100

Feb. 16, 2016

U.S. Patent

8

.

|

e 9L98

!

N

\

SRRV NS

\/\___

RN
NN

NN

-

\

SN

N

NN

AN N

! [
\ (7)39 OS NS
MS MS

/
i\
«

Vi Ve

68 Old

YE



US 9,263,291 B2

Sheet 88 of 100

Feb. 16, 2016

U.S. Patent

| Md ZMd a@%% H S
e T T L O A S T O IO
TRNEIUENAL NIV AR NIUNTR\NVE

o
T
'ZinE 4 / J <
// NN
/J NI 6 &/W ,M\w«,\
@vm_o@m,x_,_.@
MS
i
grad ™ (oyon _%ﬁ@am\z.w
w00
Vi T Ve Ve
06 9Ol



US 9,263,291 B2

Sheet 89 of 100

Feb. 16, 2016

U.S. Patent

S

o e ey ? pe o g oM PTEEE, %_MMJ
SAEREINVINERNEN ,:_/W///\ N
wﬂdN, é\%ﬁ// NNz

NN / 4 L/ N
¢ Q/. N AN NN NM. ////_”\
AT T T
()30 MS MS MS av@i 10| 05 NS,
A )00
Vi Ve Ve
16 Ol



US 9,263,291 B2

Sheet 90 of 100

Feb. 16, 2016

U.S. Patent

S
—
Eg B/

g

\l\fJ

a9 NG VS J“I

g

aw

—N
q. 98

Vi




US 9,263,291 B2

Sheet 91 of 100

Feb. 16, 2016

U.S. Patent

S

G

. z an
N@,_?ﬁ:m e PR s %5
[ , T ,, \ [
VIR NN NDY AR NANNTRNY

\/\__

N
K

NN AN QZ

]

N

TSN

\ /\“ N v /// AN //
NN /N/f N 6 &”/ /z_, /\,
A Sl
] R
MS (9)o [ |1d0[08 NS,
/ | 20| ed
/m ] , 1 | i ; , N
MS 0S NS Z 0l MS @vm_w Om zw
vied (#)39  MS MS
) Vi Ve } Ve
£6 9Old



US 9,263,291 B2

Sheet 92 of 100

Feb. 16, 2016

U.S. Patent

SW G

; ;/?J ell, g L o8M, e g m\,,zwmwdf;_mz_m,*wm 4? mmmw)
| YRR W W WA ND IS AN AR SO NV S | ﬂ A
IESEINUBNERNDEENA NINYIENY
\ \ )/ |
VAN AN NS
A NN iy | AN L \
¢ i/\ ....... 4 /N/ﬁ SOl o ,\/ V/\A\w\ /\
Emo ...... v ....... = = ;vm Ae,,o_\,_\ﬁ_wo,mw\_@
MS @Wm@ MS @mw@m%@ Nn_oo,s_ @voo\sm
V1 Ve Ve
y6 Ol



US 9,263,291 B2

Sheet 93 of 100

Feb. 16, 2016

U.S. Patent

/

SW

—
EMd ES BL

||

\ll.l\fllj
gg NG vg H

G

anw

N
9 98

Pl e T

\_

N

\ 1/

NN

V-

SNz

o~ 5 Y < X = y— / = ; : _.
W N 4 \////\ 4 B4 /// /
AN \ NN 6 &/V/,,_, /\
MS v MS M—— | \ V
(r)3p MS MS M3 (9)oIy Eo\ 0S NS
¢do MS
N (¥)90
Vi Ye Ve
G6 Dl



US 9,263,291 B2

Sheet 94 of 100

Feb. 16, 2016

U.S. Patent

S an

o Vosns e e e Z?ﬂ\;_z%ﬂw

TN :%: BNINLTH)NY)
{




US 9,263,291 B2

Sheet 95 of 100

Feb. 16, 2016

U.S. Patent

S G
Snun Y anbge
eMd B8 BL ASNG VS

I

an
HICTA™

VL]

DAL

NN ,_xp\,
] R
MS 0OS NS
avos_\ /Eo_ 1
¢ @00
vl - Ve Ve
6 Dl



US 9,263,291 B2

Sheet 96 of 100

Feb. 16, 2016

U.S. Patent

| Md ZMd \mlm\_\,__wj ‘as me Vg 1 W@J
o Teehiy g b ety e g eI G T, e
SRENNURNERNEE é VANV
AN/ANZN %g/ NINTIZZS
\ 2NN NN
/ ¥ 5 ¢ N /\V\

1 y
L ) | )
1 / RN
MS (¥ m_OOm NS MS  (#)3n OS NS \ \ }
MS MS MS ﬂ 10|05 NS
(9)9N o
2do MS
o (1190
Vi Ve Ve
86 Ol



US 9,263,291 B2

Sheet 97 of 100

Feb. 16, 2016

U.S. Patent

SN : an
e e L e e YRR, e
NERRINYEEEENEEEEENIaANY

38

/ k
J MS gyom| |1do|.0S NS
2do MS
L MS | 0 , N , _ (#)D0
olyg MS | OSNS, z o1 MS (yyp OSNS, ON
(F)AD MS MS
Vi Ve Ve

66 Ol




US 9,263,291 B2

Sheet 98 of 100

Feb. 16, 2016

U.S. Patent

SW g an
d Md 8 ﬁ 86 NG V§ JA_._m "4, a8

\__\_/,_,.;
o

L~

'_

i

@

I~

| QO

SR

A

| € ||
ﬂ T ANEVAINE
AN 2» SRIZZS

Z

Z

NPIR //
e o I /]
&%)

) N
MS avws_\ Eow_om NS,

2do ! T MS
o (7999

Vi ve vE

00t Old



US 9,263,291 B2

Sheet 99 of 100

Feb. 16, 2016

U.S. Patent

S g an
}\llle.‘lj
| Md H—
B CMd, 1H g ;g EMd B8 EL HINSVE I 1 98
| v N , AN N O O A A

RN

\/

ANUE

VA

!

| 7S

o

1
1)

Ve

(0L "OId



US 9,263,291 B2

Sheet 100 of 100

Feb. 16, 2016

U.S. Patent

S

G

\/\.~,

ey an
s Peen e b g™owe R s e
w\ EEN w_\mw m\m,\z HENRNARETE\NY
(Y |8\ \Z / N N
R O\ N /\,/v& QKHW/,_,\
‘ @.Mw_@ :NwmooN S NS d J |4 @3« S
MS MS
(30 M s MS auoz\ ,/ao mw,mw
¢l | ()00
W
vi Ve Ve
c0l 9O



US 9,263,291 B2

1

METHOD OF MANUFACTURING
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2013-
040061 filed on Feb. 28, 2013 including the specification,
drawings and abstract is incorporated herein by reference in
its entirety.

BACKGROUND

The present invention relates to a method of manufacturing
a semiconductor device which can be used appropriately as a
method of manufacturing a semiconductor device having,
e.g., a MISFET and a nonvolatile memory cell.

Examples of a technique which improves the characteris-
tics of a MISFET includes a SMT (Stress Memorization
Technique). The SMT is a technique which applies a stress to
achannel from over a gate electrode to cause the crystal in the
channel to strain and improve the mobility of carriers in the
channel.

For example, in Japanese Unexamined Patent Publication
No. 2010-205951 (Patent Document 1), a solid-stage image
sensing device is disclosed in which a first stress liner film
(81) is formed so as to cover only an NMOS transistor (SON)
from thereabove in a peripheral circuit portion (15), while a
second stress liner film (82) is formed so as to cover only a
PMOS transistor (52P) from thereabove (see [0036] to
[0039], and FIG. 2). By thus not forming a stress liner film
over a pixel portion (13), the occurrence of noise resulting
from the stress liner film is suppressed.

In Japanese Unexamined Patent Publication No. 2009-
32962 (Patent Document 2), it is disclosed that, with regard to
the relationship between a SMT film and the activation rate of
B (boron) during anneal, hydrogen in a silicon nitride film
reduces the activation rate of B (see [0006] and [0007]).
Additionally, a technique is also disclosed which provides a
stressor film (24) in an n-type MOS transistor region (A) and
does not provide the stressor film (24) in p-type MOS tran-
sistor regions (B and C) to thus improve the current driving
ability of the n-type MOS transistor without degrading the
current driving ability of the p-type MOS transistor (see
[0024] to [0026], [0034], [0035], FIG. 1, and the like).

In Japanese Unexamined Patent Publication No. 2009-
252841 (Patent Document 3), it is disclosed that the diffusion
of hydrogen into the gate insulating film of a transistor
degrades the reliability of a device. Additionally, a technique
is also disclosed which suppresses the diffusion of hydrogen
atoms from an interlayer insulating film into a memory cell to
improve the reliability of the operation of the memory cell.

Note that, in the present section, the parenthesized num-
bers are the reference numerals and the like shown in the
documents.

RELATED ART DOCUMENTS
Patent Documents

[Patent Document 1]

Japanese Unexamined Patent Publication No. 2010-
205951
[Patent Document 2]

Japanese Unexamined Patent Publication No. 2009-32962
[Patent Document 3]

Japanese Unexamined Patent Publication No. 2009-
252841
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2
SUMMARY

The present inventors have been engaged in the research
and development of a semiconductor device having a MIS-
FET and studied improvements in the characteristics of a
semiconductor device using the SMT.

The MISFET provided in the semiconductor device comes
in various configurations depending on applications. The
MISFET may be mounted together with an element in
another form such as a nonvolatile memory in mixed relation.
The study conducted by the present inventors has revealed
that, for general improvements in the characteristics of the
semiconductor device, mere application of the SMT is insuf-
ficient and there is a room for improvement in a portion to
which the SMT is applied.

Other problems and novel features of the present invention
will become apparent from a statement in the present speci-
fication and the accompanying drawings.

The following is a brief description of the outline of a
configuration shown in a representative embodiment dis-
closed in the present application.

A method of manufacturing a semiconductor device shown
in the representative embodiment disclosed in the present
application is a method of manufacturing a semiconductor
device having a plurality of elements and includes the step of
applying a SMT to a predetermined one of the plurality of
elements.

In accordance with the method of manufacturing the semi-
conductor device shown in the representative embodiment
disclosed in the present application, a semiconductor device
having excellent characteristics can be manufactured.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a main-portion cross-sectional view showing a
configuration of a semiconductor device in Embodiment 1;

FIG. 2 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 1;

FIG. 3 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 1, which is subsequent to FIG. 2;

FIG. 4 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 1, which is subsequent to FIG. 3;

FIG. 5 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 1, which is subsequent to FIG. 4;

FIG. 6 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 1, which is subsequent to FIG. 5;

FIG. 7 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 1, which is subsequent to FIG. 6;

FIG. 8 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 1, which is subsequent to FIG. 7;

FIG. 9 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 1, which is subsequent to FIG. 8;

FIG. 10 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 1, which is subsequent to FIG. 9;
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FIG. 11 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 1, which is subsequent to FIG. 10;

FIG. 12 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 1, which is subsequent to FIG. 11;

FIG. 13 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 1, which is subsequent to FIG. 12;

FIG. 14 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 1, which is subsequent to FIG. 13;

FIG. 15 is a view showing the characteristics of a MISFET
(LT) and a MISFET (HT) after an SMT has been applied
thereto;

FIG. 16 is a cross-sectional view of a MISFET provided
with a silicon nitride film as a stress application film;

FIG. 17 is a main-portion cross-sectional view showing the
manufacturing process of a semiconductor device in an appli-
cation example of Embodiment 1;

FIG. 18 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
application example of Embodiment 1, which is subsequent
to FIG. 17,

FIG. 19 is a main-portion cross-sectional view for illustrat-
ing the effect of the manufacturing process of the semicon-
ductor device in the application example of Embodiment 1;

FIG. 20 is a main-portion cross-sectional view showing a
configuration of a semiconductor device in Embodiment 2;

FIG. 21 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2;

FIG. 22 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 21;

FIG. 23 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 22;

FIG. 24 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 23;

FIG. 25 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 24;

FIG. 26 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 25;

FIG. 27 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 26;

FIG. 28 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 27;

FIG. 29 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 28;

FIG. 30 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 29;

FIG. 31 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 30;

FIG. 32 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 31;
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FIG. 33 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 32;

FIG. 34 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 33;

FIG. 35 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 34;

FIG. 36 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 35;

FIG. 37 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 2, which is subsequent to FIG. 36;

FIG. 38 is a view showing the characteristics of the MIS-
FET (LT) and a memory cell MC after the SMT has been
applied thereto;

FIG. 39 is a cross-sectional view of a memory cell provided
with a silicon nitride film as a stress application film;

FIG. 40 is a main-portion cross-sectional view showing the
manufacturing process of a semiconductor device in an appli-
cation example of Embodiment 2;

FIG. 41 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
application example of Embodiment 2, which is subsequent
to FIG. 40;

FIG. 42 is a main-portion cross-sectional view for illustrat-
ing the effect of the manufacturing process of the semicon-
ductor device in the application example of Embodiment 2;

FIG. 43 is a cross-sectional view of an FG memory cell
provided with a silicon nitride film as a stress application film;

FIG. 44 is a main-portion cross-sectional view showing a
configuration of a semiconductor device in Embodiment 3;

FIG. 45 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3;

FIG. 46 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 45;

FIG. 47 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 46;

FIG. 48 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 47;

FIG. 49 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 48;

FIG. 50 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 49;

FIG. 51 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 50;

FIG. 52 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 51;

FIG. 53 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 52;

FIG. 54 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 53;

FIG. 55 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 54;
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FIG. 56 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 55;

FIG. 57 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 56;

FIG. 58 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 57;

FIG. 59 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 58;

FIG. 60 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 59;

FIG. 61 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 3, which is subsequent to FIG. 60;

FIG. 62 is a view showing the characteristics of the MIS-
FET (LT), the MISFET (HT), and the memory cell MC after
the SMT has been applied thereto;

FIG. 63 is a main-portion cross-sectional view showing the
manufacturing process of a semiconductor device in an appli-
cation example of Embodiment 3;

FIG. 64 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
application example of Embodiment 3, which is subsequent
to FIG. 63;

FIG. 65 is a main-portion cross-sectional view for illustrat-
ing the effect of the manufacturing process of the semicon-
ductor device in the application example of Embodiment 3;

FIG. 66 is a main-portion cross-sectional view showing the
manufacturing process of a semiconductor device in Embodi-
ment 4;

FIG. 67 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 4, which is subsequent to FIG. 66;

FIG. 68 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 4, which is subsequent to FIG. 67;

FIG. 69 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 4, which is subsequent to FIG. 68;

FIG. 70 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 4, which is subsequent to FIG. 69;

FIG. 71 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 4, which is subsequent to FIG. 70;

FIG. 72 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 4, which is subsequent to FIG. 71;

FIG. 73 is a main-portion cross-sectional view showing the
manufacturing process of a semiconductor device in an appli-
cation example of Embodiment 4;

FIG. 74 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
application example of Embodiment 4, which is subsequent
to FIG. 73;

FIG. 75 is a main-portion cross-sectional view showing the
manufacturing process of a semiconductor device in Embodi-
ment 5;

FIG. 76 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 5, which is subsequent to FIG. 75;
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FIG. 77 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 5, which is subsequent to FIG. 76;

FIG. 78 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 5, which is subsequent to FIG. 77;

FIG. 79 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 5, which is subsequent to FIG. 78;

FIG. 80 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 5, which is subsequent to FIG. 79;

FIG. 81 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 5, which is subsequent to FIG. 80;

FIG. 82 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 5, which is subsequent to FIG. 81;

FIG. 83 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in
Embodiment 5, which is subsequent to FIG. 82;

FIG. 84 is amain-portion cross-sectional view showing the
manufacturing process of a semiconductor device in a first
example of Embodiment 6;

FIG. 85 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
first example of Embodiment 6, which is subsequent to FIG.
84,

FIG. 86 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
first example of Embodiment 6, which is subsequent to FIG.
85;

FIG. 87 is amain-portion cross-sectional view showing the
manufacturing process of a semiconductor device in a second
example of Embodiment 6;

FIG. 88 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
second example of Embodiment 6, which is subsequent to
FIG. 87,

FIG. 89 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
second example of Embodiment 6, which is subsequent to
FIG. 88;

FIG. 90 is a main-portion cross-sectional view showing the
manufacturing process of a semiconductor device in a first
example of Embodiment 7;

FIG. 91 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
first example of Embodiment 7, which is subsequent to FIG.
90,

FIG. 92 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
first example of Embodiment 7, which is subsequent to FIG.
91,

FIG. 93 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
first example of Embodiment 7, which is subsequent to FIG.
92,

FIG. 94 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
first example of Embodiment 7, which is subsequent to FIG.
93,

FIG. 95 is amain-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
first example of Embodiment 7, which is subsequent to FIG.
94,
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FIG. 96 is a main-portion cross-sectional view showing the
manufacturing process of a semiconductor device in a second
example of Embodiment 7;

FIG. 97 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
second example of Embodiment 7, which is subsequent to
FIG. 96;

FIG. 98 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
second example of Embodiment 7, which is subsequent to
FIG. 97,

FIG. 99 is a main-portion cross-sectional view showing the
manufacturing process of the semiconductor device in the
second example of Embodiment 7, which is subsequent to
FIG. 98,;

FIG. 100 is a main-portion cross-sectional view showing
the manufacturing process of the semiconductor device in the
second example of Embodiment 7, which is subsequent to
FIG. 99,

FIG. 101 is a main-portion cross-sectional view showing
the manufacturing process of the semiconductor device in the
second example of Embodiment 7, which is subsequent to
FIG. 100; and

FIG. 102 is a main-portion cross-sectional view showing
the manufacturing process of the semiconductor device in the
second example of Embodiment 7, which is subsequent to
FIG. 101.

DETAILED DESCRIPTION

In the following embodiments, if necessary for the sake of
convenience, the embodiments will be each described by
being divided into a plurality of sections or embodiments.
However, they are by no means irrelevant to each other unless
particularly explicitly described otherwise, and one of the
sections or embodiments is modifications, application
examples, details, supplementary explanation, and so forth of
part or the whole of the others. Also in the following embodi-
ments, when the number and the like (including the number,
numerical value, amount, range, and the like) of elements are
mentioned, they are not limited to specific numbers unless
particularly explicitly described otherwise or unless they are
obviously limited to the specific numbers in principle. The
number and the like of the elements may be not less than or
not more than the specific numbers.

Also in the following embodiments, the components
thereof (including also elements, steps, and the like) are not
necessarily indispensable unless particularly explicitly
described otherwise or unless the components are considered
to be obviously indispensable in principle. Likewise, if the
shapes, positional relationships, and the like of the compo-
nents and the like are mentioned in the following embodi-
ments, the shapes, positional relationships, and the like are
assumed to include those substantially proximate or similar
thereto and the like unless particularly explicitly described
otherwise or unless it can be considered that they obviously
do not in principle. The same shall apply in regard to the
foregoing number and the like (including the number,
numerical value, amount, range, and the like).

Hereinbelow, the embodiments of the present invention
will be described in detail based on the drawings. Note that,
throughout all the drawings for illustrating the embodiments,
members having the same functions are designated by the
same or associated reference numerals, and a repeated
description thereof is omitted. When there are a plurality of
similar members (portions), marks may be added to general
reference numerals to show individual or specific portions. In
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the following embodiments, a description of the same or like
parts will not be repeated in principle unless particularly
necessary.

In the drawings used in the embodiments, hatching may be
omitted even in a cross-sectional view for improved clarity of
illustration.

Ina cross-sectional view, the sizes of individual portions do
not correspond to those in a real device. For improved clarity
of'illustration, a specific portion may be shown in a relatively
large size.

(Embodiment 1)

Referring now to the drawings, a description will be given
of a structure of a semiconductor device in the present
embodiment.

—Description of Structure—

FIG. 1 is a main-portion cross-sectional view showing a
configuration of the semiconductor device in the present
embodiment. The semiconductor device in the present
embodiment has a MISFET (LT), and a MISFET (HT).

The MISFET (LT) is a MISFET formed in a core MIS
formation region 1A and having a gate length smaller than
that of the MISFET (HT). The gate length of the MISFET
(LT) is, e.g., about 40 nm when the manufacturing process
thereof belongs to a 40-nm rule generation. Such a MISFET
having a relatively small gate length is used in, e.g., a circuit
(referred to also as a core circuit or peripheral circuit) for
driving another element such as a memory MC or the like.
The drive voltage of the MISFET (LT) tends to be lower than
that of the MISFET (HT). The insulating film 3 of the MIS-
FET (LT) may be thinner than the insulating film 3 of the
MISFET (HT).

On the other hand, the MISFET (HT) is a MISFET formed
in an [/O MIS formation region 2A and having the gate length
larger than that of the MISFET (LT). The gate length of the
MISFET (HT) is, e.g., about 1000 nm. Such a MISFET hav-
ing a relatively large gate length is used in, an input/output
circuit (referred to also as an I/O circuit) or the like. The drive
voltage of the MISFET (HT) tends to be higher than that of the
MISFET (LT). The insulating film 3 of the MISFET (HT)
may be thicker than the insulating film 3 of the MISFET (LT).

The MISFET (LT) has a gate electrode GE disposed over a
semiconductor substrate 1 (p-type well PW1) via the insulat-
ing film 3, and source/drain regions disposed in the semicon-
ductor substrate 1 (p-type well PW1) located on both sides of
the gate electrode GE. Over the side wall portions of the gate
electrode GE, side wall insulating films (sidewalls or sidewall
spacers) SW each made of an insulating film are formed.
Here, each of the side wall insulating films SW is formed of a
laminated body of a silicon oxide film SO and asiliconnitride
film SN. Each of the source/drain regions has an L.DD struc-
ture and includes an n*-type semiconductor region 8, and an
n~-type semiconductor region 7. The n™-type semiconductor
regions 7 are formed by self-alignment with the side walls of
the gate electrode GE. The n*-type semiconductor regions 8
are formed by self-alignment with the side surfaces of the side
wall insulating films SW to have junction depths deeper than
those of the n™-type semiconductor regions 7 and impurity
concentrations higher than those of the n™-type semiconduc-
tor regions 7.

The MISFET (HT) has the gate electrode GE disposed over
the semiconductor substrate 1 (p-type well PW2) via the
insulating film 3, and source/drain regions disposed in the
semiconductor substrate 1 (p-type well PW2) located on both
sides of the gate electrode GE. Over the side wall portions of
the gate electrode GE, the side wall insulating films SW each
made of an insulating film are formed. Here, each of the side
wall insulating films SW is formed of the laminated body of
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the silicon oxide film SO and the silicon nitride film SN. Each
of the source/drain regions has the LDD structure and
includes the n*-type semiconductor region 8, and the n™-type
semiconductor region 7. The n™-type semiconductor regions
7 are formed by self-alignment with the side walls of the gate
electrode GE. The n*-type semiconductor regions 8 are
formed by self-alignment with the side surfaces of the side
wall insulating films SW to have junction depths deeper than
those of the n™-type semiconductor regions 7 and impurity
concentrations higher than those of the n™-type semiconduc-
tor regions 7.

Here, in the present embodiment (FIG. 1), to the channel
region of the MISFET (LT), a stress is applied using an SMT
while, to the channel region of the MISFET (HT), no stress is
applied.

The SMT is a technique which applies a stress from the
upper portion and side surface portions of the gate electrode
of'a MISFET to the channel region thereofto cause the crystal
in the channel region to strain and thus improve the mobility
of carriers in the channel region.

Specifically, a stress application film is formed over the
upper portion and side surface portions of each of the gate
electrodes and subjected to heat treatment. By the heat treat-
ment, a stress (compressive stress or tensile stress) is applied
to the stress application film. The stress reaches the channel
region under the gate electrode GE to change a crystal spacing
in the channel region and thus allow an improvement in the
mobility of carriers. The stress applied to the channel region
is maintained even after the stress application film is
removed.

As aresult, in the present embodiment (FIG. 1), the crystal
spacing in the channel region of the MISFET (LT) has been
changed by the SMT. On the other hand, since the SMT is not
applied to the MISFET (HT), there is no change due to the
SMT in the crystal spacing in the channel region of the MIS-
FET (HT). Thus, in the semiconductor device of the present
embodiment, the SMT is not applied to each of the elements,
but is selectively applied to be able to generally improve the
characteristics of the semiconductor device. A detailed
description will be further given in the following “Descrip-
tion of Manufacturing Method” section.

—Description of Manufacturing Method—

Next, referring to FIGS. 2 to 14, amethod of manufacturing
the semiconductor device in the present embodiment will be
described. FIGS. 2 to 14 are main-portion cross-sectional
views showing the manufacturing process of the semiconduc-
tor device in the present embodiment.

<Process of Forming MISFET (LT) and MISFET (HT)>

First, a description will be given of an example of the
process of forming the MISFET (LT) and the MISFET (HT).

As shown in FIG. 2, as the semiconductor substrate 1, a
silicon substrate made of p-type monocrystalline silicon hav-
ing a specific resistance of, e.g., about 1 to 10 Qcm is pro-
vided. Note that the semiconductor substrate 1 other than the
silicon substrate may also be used.

Next, in the main surface of the semiconductor substrate 1,
an isolation region 2 is formed. For example, in the semicon-
ductor substrate 1, an isolation trench is formed and an insu-
lating film such as a silicon oxide film is embedded in the
isolation trench to form the isolation region 2.

Then, in the core MIS formation region 1A of the semi-
conductor substrate 1, the p-type well PW1 is formed and, in
the I/O MIS formation region 2A thereof, the p-type well
PW2 is formed. The p-type wells PW1 and PW2 are formed
by ion-implanting a p-type impurity (such as, e.g., boron (B)).

Next, by diluted hydrofluoric acid cleaning or the like, the
surface of the semiconductor substrate 1 (p-type wells PW1
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and PW2) is cleaned. Then, as shown in FIG. 3, over the main
surface of the semiconductor substrate 1 (surfaces of the
p-type wells PW1 and PW2), e.g., a silicon oxide film is
formed as the insulating film (gate insulating film) 3 by a
thermal oxidation method. As the insulating film 3, instead of
the silicon oxide film, another insulating film such as a silicon
oxynitride film may also be used. Besides, a metal oxide film
having a dielectric constant higher than that of a silicon
nitride film such as a hafnium oxide film, an aluminum oxide
film (alumina), or a tantalum oxide film and a laminated film
of'an oxide film or the like and the metal oxide film may also
be formed. Instead of the thermal oxidation method, a CVD
(Chemical Vapor Deposition which is chemical vapor phase
growth) method may also be used to form the insulating film
3. The insulating film (gate insulating film) 3 over the core
MIS formation region 1A and the insulating film (gate insu-
lating film) 3 over the /O MIS formation region 2A may also
be formed of different types of films or to different thick-
nesses.

Then, over the entire surface of the semiconductor sub-
strate 1, a silicon film 4 is formed as a conductive film (con-
ductor film). As the silicon film 4, e.g., a polycrystalline
silicon film is formed using a CVD method or the like. As the
silicon film 4, an amorphous silicon film may also be depos-
ited and subjected to heat treatment to be crystallized (crys-
tallization treatment). The silicon film 4 serves as the gate
electrode GE of'the MISFET (LT) in the core MIS formation
region 1A, while serving as the gate electrode GE of the
MISFET (HT) in the I/O MIS formation region 2A.

Next, an impurity is introduced into the silicon film 4. For
example, into the silicon film 4, an n-type impurity such as
phosphorus is implanted.

Next, over the regions of the silicon film 4 where the gate
electrode GE of the MISFET (LT) is to be formed and where
the gate electrode GE of the MISFET (HT) is to be formed, a
photoresist film (not shown) is formed using a photolitho-
graphic method and, using the photoresist film as a mask, the
silicon film 4 is etched. Thereafter, by removing the photore-
sist film (not shown) by ashing or the like, the gate electrode
GE of the MISFET (LT) is formed in the core MIS formation
region 1A and the gate electrode GE of the MISFET (HT) is
formed in the I/O MIS formation region 2A, as shown in FIG.
3. The gate length of the gate electrode GE of the MISFET
(LT) is, e.g., about 40 nm, while the gate length of the gate
electrode GE of the MISFET (HT) is, e.g., about 1000 nm.

The insulating films 3 remaining under the respective gate
electrodes GE serve as the gate insulating films of the indi-
vidual MISFETs (LT and HT). Note that the insulating film 3
except for the portion thereof covered with the gate electrodes
GE may also be removed during the formation of the forego-
ing gate electrodes GE or by the subsequent patterning pro-
cess or the like.

Next, in the core MIS formation region 1A and the [/O MIS
formation region 2A, into the semiconductor substrate 1
(p-type wells PW1 and PW2) located on both sides of the gate
electrodes GE, an n-type impurity such as arsenic (As) or
phosphorus (P) is implanted to form the n™-type semiconduc-
tor regions 7 (FIG. 4). At this time, the n™-type semiconductor
regions 7 are formed by self-alignment with the side walls of
the gate electrodes GE. The n™-type semiconductor regions 7
in the core MIS formation region 1A and the n™-type semi-
conductor regions 7 in the /O MIS formation region 2A may
also be formed to have different impurity concentrations, and
different junction depths.

Next, as shown in FIG. 5, in the core MIS formation region
1A and the I/O MIS formation region 2A, over the side wall
portions of the gate electrodes GE, the side wall insulating
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films SW are formed. For example, by depositing the silicon
oxide film SO over the entire main surface of the semicon-
ductor substrate 1 and further depositing the silicon nitride
film SN thereover, an insulating film made of a laminated film
of the silicon oxide film SO and the silicon nitride film SN is
formed. By etching back the insulating film, the side wall
insulating films. SW are formed over the side wall portions of
the gate electrodes GE. As the side wall insulating films SW,
instead of the laminated film of the silicon oxide film and the
silicon nitride film, an insulating film such as a single-layer
silicon oxide film or a single-layer silicon nitride film may
also be used.

Next, as shown in FIG. 6, in the core MIS formation region
1A and the I/0 MIS formation region 2A, an n-type impurity
such as arsenic (As) or phosphorus (P) is implanted into the
semiconductor substrate 1 (p-type wells PW1 and PW2) on
both sides of the gate electrodes GE to form the n*-type
semiconductor regions 8. At this time, the n*-type semicon-
ductor regions 8 are formed by self-alignment with the side
wall insulating films SW over the side wall portions of the
gate electrodes GE. The n*-type semiconductor regions 8 are
formed as semiconductor regions having impurity concentra-
tions higher than those of the n™-type semiconductor regions
7 and having junction depths deeper than those of the n™-type
semiconductor regions 7. The n*-type semiconductor regions
8 in the core MIS formation region 1A and the n*-type semi-
conductor regions 8 in the /O MIS formation region 2A may
also be formed to have different impurity concentrations, and
different junction depths.

By the foregoing process, in the core MIS formation region
1A and the /O MIS formation region 2A, the source/drain
regions each having the L.DD structure including the n™-type
semiconductor region 7, and the n*-type semiconductor
region 8 are formed.

Next, heat treatment (activation treatment) for activating
the impurities introduced into the source/drain regions (7 and
8) is performed.

By the foregoing process, the MISFET (LT) is formed in
the core MIS formation region 1A, and MISFET (HT) is
formed in the I/O MIS formation region 2A (FIG. 6).

Note that the process of forming the MISFET (LT), and the
MISFET (HT) is not limited to the foregoing process.

<SMT and Silicide Process>

Next, as shown in FIG. 7, over the semiconductor substrate
1 including the MISFET (LT), and the MISFET (HT), a
silicon oxide film is formed as a stopper film 9 to a thickness
of'about 13 nmusing a CVD method. For example, the silicon
oxide film is formed by a CVD method using, e.g., TEOS
(Tetraethoxysilane) and ozone (O;) as raw material gases.
The stopper film 9 functions as an etching stopper in the
etching of a stress application film 10 described later. The
stopper film 9 can prevent undesired etching of each of the
patterns (such as, e.g., portions each made of the silicon film)
forming the MISFET (LT), and the MISFET (HT). Then, as
shown in FIG. 8, over the stopper film 9, a silicon nitride film
is formed as the stress application film 10 to a thickness of
about 20 nm using a CVD method. For example, the silicon
nitride film is formed by a CVD method using HCD
(Hexachlorodisilane) and NH; (ammonia) as raw material
gases.

Next, the stress application film 10 in the [/O MIS forma-
tion region 2A is removed therefrom. First, as shown in FIG.
9, over the stress application film 10 in the core MIS forma-
tion region 1A, a photoresist film PR1 is formed using a
photolithographic method. Then, as shown in FIG. 10, using
the photoresist film PR1 as a mask, the stress application film
10 is etched. Here, the silicon nitride film forming the stress
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application film 10 is dry-etched. For example, using CH, as
an etching gas, isotropic dry etching is performed. As a result,
only the core MIS formation region 1A is covered with the
stress application film 10. In other words, only the MISFET
(LT) is covered with the stress application film 10. On the
other hand, the stopper film 9 in the I/O MIS formation region
2A is exposed.

Here, the foregoing etching is performed under such a
condition that the etching selectivity is high, i.e., the ratio of
the etching speed of the stress application film 10 to the
etching speed of the stopper film 9 is high, but the stopper film
9 is also etched slightly. Accordingly, the thickness of the
stopper film 9 in the I/O MIS formation region 2A becomes
smaller than the thickness of the stopper film 9 remaining
under the stress application film 10 in the core MIS formation
region 1A (FIG. 10). Note that, when the thickness of the
stopper film 9 in the /O MIS formation region 2A is T92 and
the thickness of the stopper film 9 in the core MIS formation
region 1A is T91, a relationship given by T92<T91 is estab-
lished.

Then, as shown in FIG. 11, after the photoresist film PR1 is
removed by ashing treatment or the like, heat treatment (re-
ferred to also as anneal) is performed. For example, as first
treatment, momentary anneal (referred to also as spike RTA
(Rapid Thermal Annealing)) is performed at about 1000° C.
for a moment of not longer than one second. Then, as second
treatment, laser anneal at about 1200° C. is performed. This
causes a stress in the stress application film 10. The stress
application film after the heat treatment, i.e., in a state where
the stress is applied thereto is denoted by “10S”. By the stress
application film 10S, the stress is applied to the MISFET (LT)
in the core MIS formation region 1A. On the other hand, the
stress application film 10 has been removed from the [/O MIS
formation region 2A so that no stress is applied to the MIS-
FET (HT).

It may also be possible to activate the impurity introduced
into the source/drain regions (7 and 8) using the heat treat-
ment and omit the previous heat treatment (activation treat-
ment). It may also be possible to crystallize the silicon film 4
made of the amorphous silicon film by the heat treatment
(crystallization treatment).

Next, as shown in FIG. 12, the stress application film 10S
in the core MIS formation region 1A is removed therefrom.
Here, the silicon nitride film forming the stress application
film 108 is wet-etched under such a condition that the etching
selectivity is high, i.e., the ratio of the etching speed of the
stress application film 10 to the etching speed of the stopper
film 9 is high. For example, using a phosphoric acid (H;PO,)
solution as an etchant, the wet etching is performed at 155° C.
for 600 seconds. As a result, the stopper film 9 in each of the
core MIS formation region 1A and the /O MIS formation
region 2A is exposed.

Next, as shown in FIG. 13, the foregoing stopper film 9 is
removed. Here, the silicon oxide film forming the stopper film
9 is wet-etched under such a condition that the etching selec-
tivity is high, i.e., the ratio of the etching speed of the stopper
film 9 to the etching speed of the semiconductor substrate 1 is
high. For example, using a HF solution as an etchant, the wet
etching is performed at 25° C. for 100 seconds.

Next, as shown in FIG. 14, using a salicide technique, in the
respective upper portions of the gate electrodes GE and the
n*-type semiconductor regions 8 in the core MIS formation
region 1A and the I/O MIS formation region 2A, metal sili-
cide layers SIL are formed.

The metal silicide layers SIL can reduce diffusion resis-
tance, contact resistance, and the like. The metal silicide
layers SIL can be formed as follows.
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For example, over the entire main surface of the semicon-
ductor substrate 1, a metal film (not shown) is formed and, by
performing heat treatment on the semiconductor substrate 1,
the respective upper-layer portions of the gate electrodes GE
and the n*-type semiconductor regions 8 are caused to react
with the foregoing metal film. In this manner, in the respective
upper portions of the gate electrodes GE and the n*-type
semiconductor regions 8, the metal silicide layers SIL are
formed. The foregoing metal film is made of, e.g., a cobalt
(Co) film, a nickel (Ni) film, or the like and can be formed
using a sputtering method or the like. Then, the unreacted
metal film is removed.

Thereafter, over the entire main surface of the semiconduc-
tor substrate 1, an interlayer insulating film (not shown) is
formed, though the illustration thereof'is omitted. Then, in the
interlayer insulating film, contact holes (not shown) which
expose, e.g., the surfaces of the n*-type semiconductor
regions 8 are formed. By embedding a conductive film in the
contact holes, plugs (not shown) are formed. Then, over the
interlayer insulating film in which the plugs are embedded,
wires (not shown) are formed.

Thus, according to the present embodiment, the SMT is
applied only to the MISFET (LT) of the MISFET (LT) and the
MISFET (HT). This can generally improve the characteristics
of the semiconductor device.

The present inventors have studied the case where the SMT
is applied to each of the MISFET (LT) and the MISFEAT
(HT) and obtained the result shown in FIG. 15. FIG. 15 is a
view showing the characteristics of the MISFET (LT) and the
MISFET (HT) after the SMT has been applied thereto.

That is, the present inventors have studied the case where,
in a state in which the silicon nitride film as the stress appli-
cation film 10 is present over each of the core MIS formation
region 1A and the /O MIS formation region 2A (see, e.g.,
FIG. 8), heat treatment is performed to apply a stress to each
of the elements.

As shown in FIG. 15, with regard to the MISFET (LT), an
increase in channel current (simply shown as “Current” in
FIG. 15) due to the effect of the SMT can be recognized.
However, the channel current in the MISFET (HT) has not
changed. This may be conceivably because, with regard to the
MISFET (HT) having a relatively large gate length, the effect
of'the SMT is poor and consequently the channel current has
not increased.

On the other hand, HC has decreased in both of the ele-
ments of the MISFET (LT) and the MISFET (HT). Here, the
“HC” shows degradation due to hot carriers, and a time over
which 10% of the channel current decreases is defined as a
HC lifetime. This may be conceivably because hydrogen (H)
contained in the silicon nitride film used as the stress appli-
cation film 10 affects the HC.

FIG. 16 is a cross-sectional view of a MISFET provided
with the silicon nitride film as the stress application film. With
regard to the MISFET shown in FIG. 16, the member having
the same function as that of the MISFET (HT) shown in FIG.
1 is designated by the same reference numeral and a repeated
description thereof is omitted. Note that “PW” denotes a
p-type well.

As shown in FIG. 16, the silicon nitride film used as the
stress application film 10 contains a large amount of H (hy-
drogen). The H (hydrogen) in the silicon nitride film is dif-
fused into the MISFET by the heat treatment for applying a
stress. For example, when the H (hydrogen) reaches the inter-
face between the semiconductor substrate 1 (p-type well) and
the insulating film 3, the H (hydrogen) is bonded to silicon
(Si) to form a Si—H bond. When the MISFET performs a
driving operation, if hot carriers are generated in the drain
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region to which a high potential is applied, the Si—H bond is
cut to result in an interfacial level. If a large number of such
interfacial levels are formed, the carriers are trapped to
degrade the driving ability of the MISFET.

By contrast, in the present embodiment, the SMT is not
applied to the MISFET (HT) to which the effect of the SMT
is poor, and the stress application film (silicon nitride film)
over the MISFET (HT) is removed therefrom. Therefore, it is
possible to avoid the degradation of the driving ability of the
MISFET due to the H (hydrogen) in the foregoing silicon
nitride film.

By thus selectively applying the SMT, it is possible to
generally improve the characteristics of the semiconductor
device.

(Description of Application Example)

In the foregoing process, the stress application film 10 in
the /O MIS formation region 2A is entirely removed there-
from to expose the stopper film 9 in the region (see FIGS. 9
and 10). However, it may also be possible to remove the
portion of the stress application film 10 in the /O MIS for-
mation region 2A corresponding to a predetermined thick-
ness from the surface thereof so as to reduce the thickness of
the stress application film 10 in the I/O MIS formation region
2A.

FIGS. 17 and 18 are main-portion cross-sectional views
showing the manufacturing process of the semiconductor
device in an application example of the present embodiment.

<Process of Forming MISFET (LT) and MISFET (HT)>

As has been described with reference to FIGS. 2 to 6, the
MISFET (LT) is formed in the core MIS formation region 1A,
and the MISFET (HT) is formed in the I/O MIS formation
region 2A (FIG. 6).

<SMT and Silicide Process>

Next, as shown in FIG. 17, over the semiconductor sub-
strate 1 including the MISFET (LT), and the MISFET (HT), a
silicon oxide film is formed as the stopper film 9 to a thickness
of' about 5 nm using a CVD method. Then, over the stopper
film 9, a silicon nitride film is formed as the stress application
film 10 to a thickness of about 35 nm using a CVD method.

Next, over the stress application film 10 in the core MIS
formation region 1A, a photoresist film PR2 is formed using
a photolithographic method. Then, using the photoresist film
PR2 as a mask, the portion of the stress application film 10
corresponding to the predetermined thickness is etched from
the surface thereof. Here, from the surface of the silicon
nitride film forming the stress application film 10, the portion
thereof corresponding to a thickness of about 25 nm is aniso-
tropically or isotropically dry-etched. In other words, the dry
etching is performed until the thickness of the silicon nitride
film becomes about 10 nm. For example, using CF, as an
etching gas, the dry etching is performed. As a result, the
thickness of the stress application film 10 in the /O MIS
formation region 2A becomes smaller than the thickness of
the stress application film 10 in the core MIS formation region
1A (FIG. 17). Note that, when the thickness of the stress
application film 10 in the I/O MIS formation region 2A is
T102 and the thickness of the stress application film 10 in the
core MIS formation region 1A is T101, a relationship given
by T102<T101 is established.

Then, as shown in FIG. 18, the photoresist film PR2 is
removed by ashing treatment or the like. Thereafter, heat
treatment is performed. For example, as first treatment,
momentary anneal (referred to also as spike RTA) is per-
formed at about 1000° C. for a moment of not longer than one
second. Then, as second treatment, laser anneal at about
1200° C. is performed. This causes a stress in the stress
application film 10. By the stress application film 10, the
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stress is applied to the MISFET (LT) in the core MIS forma-
tion region 1A. Here, as the heat treatment for applying the
stress to the stress application film 10, heat treatment per-
formed at a temperature of not less than 1000° C. for a
moment of not longer than one second is preferred. On the
other hand, since the stress application film 10 in the I/O MIS
formation region 2A has a small thickness, a large stress is not
applied to the MISFET (HT). The thickness of the stress
application film 10 in the I/O MIS formation region 2A is
preferably adjusted to be not more than 20 nm.

Thereafter, as has been described with reference to FIGS.
11 to 14, the stress application film 10 after the heat treatment
is removed, and the stopper film 9 is further removed. Then,
using a salicide technique, the metal silicide layers (metal
silicide films) SIL are formed.

Thus, according to the present embodiment, over the MIS-
FET (LT) and the MISFET (HT), the stress application film
10 is formed and subjected to the heat treatment. However,
since the thickness of the stress application film 10 in the /O
MIS formation region 2A is reduced, it is possible to reduce
the influence of the H (hydrogen) in the silicon nitride film
used as the stress application film. Therefore, it is possible to
reduce the degree of degradation of the characteristics of the
MISFET HT due to the H (hydrogen) in the silicon nitride
film described above.

Also, in the present embodiment, the thin stress application
film 10 remains in the [/O MIS formation region 2A so that no
thickness difference is produced between the stopper film 9 in
the I/O MIS formation region 2A and the stopper film 9 in the
core MIS formation region 1A.

That is, in FIG. 12, the thickness of the stopper film 9 in the
1/O MIS formation region 2A is smaller than the thickness of
the stopper film 9 in the core MIS formation region 1A. In
such a case, depending on the thickness of the remaining
stopper film 9 and a thickness difference therein, it becomes
difficult to control the etching.

That is, when the etching is performed based on a thicker
film portion, a thinner film portion is brought into an over-
etched state. For example, an end portion of the silicon oxide
film SO forming the side wall insulating films SW and the
portions enclosed in the circles in FIG. 19 are etched unde-
sirably. If the metal silicide layers SIL. grow in such portions,
an increase in leakage current or the degradation of break-
down voltage may occur. FIG. 19 is a main-portion cross-
sectional view for illustrating the effect of the manufacturing
process of the semiconductor device in the application
example of the present embodiment.

On the other hand, when the etching is performed based on
the thinner film portion, the residues of the stopper film 9 may
be left in the thicker film portion. Over such residues, the
metal silicide layers SIL do not sufficiently grow to result in
a problem.

By contrast, according to the present embodiment, by pre-
venting a thickness difference in the stopper film 9, it is
possible to avoid the growth of the metal silicide layers SIL in
the foregoing portions where it is undesired as well as no
growth of the metal silicide layers SIL due to the residues of
the stopper film 9. As a result, even when, e.g., the silicon
oxide film is formed of a thin film having a thickness of about
nm, a thickness difference in the stopper film 9 can be pre-
vented to allow the excellent metal silicide layers SIL to be
formed.

(Embodiment 2)

Referring to the drawings, a description will be given
below of a structure of a semiconductor device (semiconduc-
tor storage device) in the present embodiment.
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—Description of Structure—

FIG. 20 is a main-portion cross-sectional view showing a
configuration of the semiconductor device in the present
embodiment. The semiconductor device in the present
embodiment has the MISFET (LT), and a memory cell (re-
ferred to also as a nonvolatile memory cell, nonvolatile stor-
age element, nonvolatile semiconductor storage device,
EEPROM, or flash memory).

The MISFET (LT) is the MISFET formed in the core MIS
formationregion 1A and having a relatively small gate length.
For example, the gate length of the MISFET (LT) is smaller
than the sum of the gate length of a control gate electrode CG
of'a memory cell MC and the gate length of a memory gate
electrode MG thereof and is, e.g., about 40 nm. Such a MIS-
FET having a relatively small gate length is used in, e.g., a
circuit (referred to also as a core circuit or peripheral circuit)
for driving the memory cell or the like. The drive voltage of
the MISFET (LT) tends to be relatively low.

The MISFET (LT) has the gate electrode GE disposed over
the semiconductor substrate 1 (p-type well PW1) via the
insulating film 3, and the source/drain regions disposed in the
semiconductor substrate 1 (p-type well PW1) located on both
sides of the gate electrode GE. Over the side wall portions of
the gate electrode GE, the side wall insulating films (sidewalls
or sidewall spacers) SW each made of an insulating film are
formed. Here, each of the side wall insulating films SW is
formed of the laminated body of the silicon oxide film SO and
the silicon nitride film SN. Each of the source/drain regions
has the LDD structure and includes the n*-type semiconduc-
tor region 8, and the n™-type semiconductor region 7. The
n~-type semiconductor regions 7 are formed by self-align-
ment with the side walls of the gate electrode GE. The n*-type
semiconductor regions 8 are formed by self-alignment with
the side surfaces of the side wall insulating films SW to have
the junction depths deeper than those of the n™-type semicon-
ductor regions 7 and the impurity concentrations higher than
those of the n™-type semiconductor regions 7.

The memory cell MC has the control gate electrode (gate
electrode) CG disposed over the semiconductor substrate 1
(p-type well PW3), and the memory gate electrode (gate
electrode) MG disposed over the semiconductor substrate 1
(p-type well PW3) to be adjacent to the control gate electrode
CG. Over the control gate electrode CG, a thin silicon oxide
film CP1 and a silicon nitride film (cap insulating film) CP2
are disposed. The memory cell MC further has the insulating
film 3 disposed between the control gate electrode CG and the
semiconductor substrate 1 (p-type well PW3), and an insu-
lating film 5 disposed between the memory gate electrode
MG and the semiconductor substrate 1 (p-type well PW3) and
disposed between the memory gate electrode MG and the
control gate electrode CG.

The memory cell MC further has a source region MS, and
a drain region MD which are formed in the p-type well PW3
of'the semiconductor substrate 1. Over the side wall portions
of'a combined pattern of the memory gate electrode MG and
the control gate electrode CG, the side wall insulating films
(sidewalls or sidewall spacers) SW each made of an insulating
film are formed. Here, each the side wall insulating films SW
is formed of the laminated body of the silicon oxide film SO
and the silicon nitride film SN. The source region MS
includes an n*-type semiconductor region 84, and an n™-type
semiconductor region 7a. The n™-type semiconductor region
7a is formed by self-alignment with the side wall of the
memory gate electrode MG. The n*-type semiconductor
region 8a is formed by self-alignment with the side surface of
the side wall insulating film SW closer to the memory gate
electrode MG to have a junction depth deeper than that of the
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n~-type semiconductor region 7a, and an impurity concentra-
tion higher than that of the n™-type semiconductor region 7a.
The drain region MD includes an n*-type semiconductor
region 86, and an n~-type semiconductor region 7b. The
n~-type semiconductor region 75 is formed by self-alignment
with the side wall of the control gate electrode CG. The
n*-type semiconductor region 85 is formed by self-alignment
with the side surface ofthe side wall insulating film SW closer
to the control gate electrode CG to have a junction depth
deeper than that of the n™-type semiconductor region 75, and
an impurity concentration higher than that of the n™-type
semiconductor region 7.

Here, in the present embodiment (FIG. 20), to the channel
region of the MISFET (LT), a stress is not applied using the
SMT while, to the channel region of the memory cell MC, no
stress is applied.

The SMT is the technique which applies a stress from the
upper portion and side surface portions of the gate electrode
of'a MISFET to the channel region thereofto cause the crystal
in the channel region to strain and thus improve the mobility
of carriers in the channel region.

As aresult, in the present embodiment (FIG. 20), the crys-
tal spacing in the channel region of the MISFET (LT) has been
changed by the SMT. On the other hand, since the SMT is not
applied to the memory cell MC, there is no change due to the
SMT in the crystal spacing in the channel region of the
memory cell MC. Thus, in the semiconductor device of the
present embodiment, the SMT is not applied to each of the
elements, but is selectively applied to be able to generally
improve the characteristics of the semiconductor device. A
detailed description will be further given in the following
“Description of Manufacturing Method” section.

—Description of Manufacturing Method—

Next, referring to FIGS. 21 to 37, a method of manufac-
turing the semiconductor device in the present embodiment
will be described. FIGS. 21 to 37 are main-portion cross-
sectional views showing the manufacturing process of the
semiconductor device in the present embodiment.

<Process of Forming MISFET (LT) and Memory Cell
MC>

First, a description will be given of an example of the
process of forming the MISFET (LT) and the memory cell
MC.

As shown in FIG. 2, as the semiconductor substrate 1, a
silicon substrate made of p-type monocrystalline silicon hav-
ing a specific resistance of, e.g., about 1 to 10 Qcm is pro-
vided. Note that the semiconductor substrate 1 other than the
silicon substrate may also be used.

Next, in the main surface of the semiconductor substrate 1,
the isolation region 2 is formed. For example, in the semicon-
ductor substrate 1, an isolation trench is formed and an insu-
lating film such as a silicon oxide film is embedded in the
isolation trench to form the isolation region 2.

Then, in the core MIS formation region 1A of the semi-
conductor substrate 1, the p-type well PW1 is formed and, in
a memory cell region 3A thereof, the p-type well PW3 is
formed. The p-type wells PW1 and PW3 are formed by ion-
implanting a p-type impurity (such as, e.g., boron (B)).

Next, by diluted hydrofluoric acid cleaning or the like, the
surface of the semiconductor substrate 1 (p-type wells PW1
and PW3) is cleaned. Then, as shown in FIG. 22, over the
main surface of the semiconductor substrate 1 (surfaces of the
p-type wells PW1 and PW3), e.g., a silicon oxide film is
formed as the insulating film (gate insulating film) 3 to a
thickness of about 2 to 3 nm by a thermal oxidation method.
As the insulating film 3, instead of the silicon oxide film,
another insulating film such as a silicon oxynitride film may
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also be used. Besides, a metal oxide film having a dielectric
constant higher than that of a silicon nitride film such as a
hafnium oxide film, an aluminum oxide film (alumina), or a
tantalum oxide film and a laminated film of an oxide film or
the like and the metal oxide film may also be formed. Instead
of' the thermal oxidation method, a CVD method may also be
used to form the insulating film 3. The insulating film (gate
insulating film) 3 over the core MIS formation region 1A and
the insulating film (gate insulating film) 3 over the memory
cell region 3A may also be formed of different types of films
or to different thicknesses.

Then, over the entire surface of the semiconductor sub-
strate 1, the silicon film 4 is formed as a conductive film
(conductor film). As the silicon film 4, e.g., a polycrystalline
silicon film is formed to a thickness of about 100 to 200 nm
using, e.g., a CVD method or the like. As the silicon film 4, an
amorphous silicon film may also be deposited and subjected
to heat treatment to be crystallized (crystallization treatment).
The silicon film 4 serves as the gate electrode GE of the
MISFET (LT) in the core MIS formation region 1A, while
serving as the control gate electrode CG of the memory cell
MC in the memory cell region 3A.

Next, an n-type impurity (such as arsenic (As) or phospho-
rus (P)) is introduced into the silicon film 4 in the memory cell
region 3A.

Next, the surface of the silicon film 4 is thermally oxidized
to form a thin silicon oxide film CP1 having a thickness of,
e.g., about 3 to 10 nm. Note that the silicon oxide film CP1
may also be formed using a CVD method. Then, over the
silicon oxide film CP1, using a CVD method or the like, a
silicon nitride film (cap insulating film) CP2 having a thick-
ness of about 50 to 150 nm is formed.

Next, in a region where the control gate electrode CG is to
be formed, a photoresist film (not shown) is formed using a
photolithographic method and, using the photoresist film as a
mask, the silicon nitride film CP2, the silicon oxide film CP1,
and the silicon film 4 are etched. Thereafter, the photoresist
film is removed by ashing or the like to form the control gate
electrode CG (having a gate length of, e.g., about 80 nm).
Such a series of process steps from photolithography to the
removal of a photoresist film is referred to as patterning. Here,
over the control gate electrode CG, the silicon nitride film
CP2 and the silicon oxide film CP1 are formed, but such films
can also be omitted.

Here, in the memory cell region 3A, the insulating film 3
remaining under the control gate electrode CG serves as the
gate insulating film of the control transistor. Note that the
insulating film 3 except for the portion thereof covered with
the control gate electrode CG may also be removed by the
subsequent patterning process or the like. On the other hand,
in the core MIS formation region 1A, the silicon nitride film
CP2, the silicon oxide film CP1, and the silicon film 4 are left.

Next, in the core MIS formation region 1A, the silicon
nitride film CP2 over the silicon film 4 is removed therefrom.

Next, as shown in FIG. 23, over the semiconductor sub-
strate 1 including the silicon nitride film CP2, and the silicon
oxide film CP1, the insulating film 5 (5A, 5N, and 5B) is
formed. First, after the main surface of the semiconductor
substrate 1 is subjected to cleaning treatment, as shown in
FIG. 23, the silicon oxide film 5A is formed over the semi-
conductor substrate 1 including the silicon nitride film CP2,
and the silicon oxide film CP1. The silicon oxide film 5A is
formed to a thickness of, e.g., about 4 nm by, e.g., a thermal
oxidation method (preferably ISSG (In Situ Steam Genera-
tion) oxidation). Note that the silicon oxide film 5A may also
be formed using a CVD method. In the drawing, the shape of
the silicon oxide film 5A when formed by the CVD method is
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shown. Then, over the silicon oxide film 5A, the silicon
nitride film 5N is formed to a thickness of, e.g., about 10 nm
by a CVD method. The silicon nitride film 5N serves as the
charge storage portion of the memory cell to form a middle
layer forming the insulating film (ONO film) 5. Then, over the
silicon nitride film 5N, the silicon oxide film 5B is deposited
to a thickness of, e.g., about 5 nm by a CVD method.

By the foregoing process, the insulating film (ONO film) 5
including the silicon oxide film 5A, the silicon nitride film
5N, and the silicon oxide film 5B can be formed. Note that,
over the silicon oxide film CP1 in the core MIS formation
region 1A shown in FIG. 23, the insulating film (ONO film) 5
may also remain.

Also, in the present embodiment, as the charge storage
portion (charge storage layer or insulating film having a trap
level) in the insulating film 5, the silicon nitride film 5N is
formed. However, another insulating film such as, e.g., a
silicon oxynitride film, an aluminum oxide film, a hafnhium
oxide film, or a tantalum oxide film may also be used as the
charge storage portion. Such films are high-dielectric-con-
stant films each having a dielectric constant higher than that
of the silicon nitride film. Alternatively, the charge storage
layer may also be formed using an insulating film having
silicon nano-dots.

The insulating film 5 formed in the memory cell region 3A
functions as the gate insulating film of the memory gate
electrode MG and has a charge holding (charge storing) func-
tion. Accordingly, the insulating film 5 has a laminated struc-
ture including at least three layers and is configured such that
the potential barrier height of the inner layer (silicon nitride
film 5N) is lower than the potential barrier heights of the outer
layers (silicon oxide films SA and 5B). The thickness of each
of the layers has an optimal value for each of the operation
methods of the memory cell.

Then, over the insulating film 5, a silicon film 6 is formed
as a conductive (conductor film). Over the insulating film 5, as
the silicon film 6, e.g., a polycrystalline silicon film is formed
to a thickness of about 50 to 200 nm using a CVD method or
the like. As the silicon film 6, an amorphous silicon film may
also be deposited and subjected to heat treatment to be crys-
tallized (crystallization treatment). Note that, into the silicon
film 6, an impurity may also be introduced as necessary. As
will be described later, the silicon film 6 serves as the memory
gate electrode MG (having a gate length of, e.g., about 50 nm)
in the memory cell region 3A.

Next, as shown in F1G. 24, the silicon film 6 is etched back.
In the etch-back process, the portion of the silicon film 6
corresponding to a predetermined thickness is removed from
the surface thereof by anisotropic dry etching. By the process,
the silicon film 6 can be left in sidewall shapes (side wall film
shapes) over the both side wall portions of the control gate
electrode CG via the insulating film 5. At this time, in the core
MIS formation region 1A and the memory cell region 3A, the
silicon film 6 is etched over the silicon film 4 to expose the
insulating film 5. Note that in the boundary portion between
the core MIS formationregion 1A and the memory cell region
3A, over the side wall of the laminated film of the silicon
oxide film CP1 and the silicon film 4, the silicon film 6
remains in a sidewall shape (side wall film shape) as a silicon
spacer SP2 via the insulating film 5.

The silicon film 6 remaining over one of the both side wall
portions of the foregoing control gate electrode CG forms the
memory gate electrode MG. On the other hand, the silicon
film 6 remaining over the other side wall portion forms a
silicon spacer SP1. The insulating film 5 under the foregoing
memory gate electrode MG serves as the gate insulating film
of'a memory transistor. The memory gate length (gate length
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of the memory gate electrode MG) is determined in corre-
spondence to the thickness of the deposited silicon film 6.

Next, as shown in FIG. 25, the silicon spacer SP1 over the
side wall portion of the control gate electrode CG over which
the memory gate electrode MG is not formed and the silicon
spacer SP2 (silicon film 6) in the boundary portion between
the core MIS formation region 1A and the memory cell region
3A are removed.

Next, the insulating film 5 is removed by etching. As a
result, in the memory cell region 3 A, the silicon nitride film
CP2 over the control gate electrode CG is exposed, and the
p-type well PW3 is exposed. On the other hand, in the core
MIS formation region 1A, the silicon oxide film CP1 is also
removed to expose the silicon film 4.

Next, in the core MIS formation region 1A, an impurity is
introduced into the silicon film 4. For example, into the sili-
con film 4, an n-type impurity such as phosphorus is intro-
duced.

Next, in the region of the silicon film 4 where the gate
electrode GE of the MISFET (LT) is to be formed, a photo-
resist film (not shown) is formed using a photolithographic
method and, using the photoresist film as a mask, the silicon
film 4 is etched. Thereafter, the photoresist film (not shown) is
removed by ashing or the like to form the gate electrode GE of
the MISFET (LT) in the core MIS formation region 1A, as
shown in FIG. 26. The gate length of the gate electrode GE of
the MISFET (LT) is, e.g., about 40 pum.

The insulating film 3 remaining under the gate electrode
GE serves as the gate insulating film of the MISFET (LT). The
insulating film 3 except for the portion thereof covered with
the gate electrode GE may also be removed during the for-
mation of the foregoing gate electrode GE or by the subse-
quent patterning process or the like.

Next, as shown FIG. 27, using a photoresist film (not
shown) having an opening on one side (opposite to the
memory gate electrode MG) of the control gate electrode CG
as a mask, a p-type impurity is obliquely implanted (oblique
implantation is performed). Thus, in the semiconductor sub-
strate 1 located under the control gate electrode CG, a p-type
halo region (p-type impurity region) HL. is formed. The
p-type halo region HL. need not necessarily be formed. How-
ever, when the p-type halo region HL is formed, a depletion
layer is inhibited from expanding from the drain region MD to
the channel region of the memory transistor so that a short-
channel effect in the memory transistor is suppressed. This
can inhibit a reduction in the threshold voltage of the memory
transistor. Thereafter, the foregoing photoresist film (not
shown) is removed.

Next, in the memory cell region 3 A, in the semiconductor
substrate 1 (p-type well PW1), an n-type impurity such as
arsenic (As) or phosphorus (P) is implanted to form the
n~-type semiconductor region 7a and the n™-type semicon-
ductor region 7b. At this time, the n™-type semiconductor
region 7a is formed by self-alignment with the side wall (side
wall opposite to the side wall adjacent to the control gate
electrode CG via the insulating film 5) of the memory gate
electrode MG. On the other hand, the n™-type semiconductor
region 75 is formed by self-alignment with the side wall (side
wall opposite to the side wall adjacent to the memory gate
electrode MG via the insulating film 5) of the control gate
electrode CG. In the core MIS formation region 1A, into the
semiconductor substrate 1 (p-type well PW1) located on both
sides of the gate electrode GE, an n-type impurity such as
arsenic (As) or phosphorus (P) is implanted to form the
n~-type semiconductor regions 7. At this time, the n™-type
semiconductor regions 7 are formed by self-alignment with
the side walls of the gate electrode GE.
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The n™-type semiconductor region 7a, the n™-type semi-
conductor region 7b, and the n™-type semiconductor regions 7
may be formed by the same ion implantation process, but are
formed herein by different ion implantation processes. By
thus forming the n™-type semiconductor region 7a, the
n™-type semiconductor region 7b, and the n™-type semicon-
ductor regions 7 by the different ion implantation processes,
the n™-type semiconductor region 7a, the n™-type semicon-
ductor region 7b, and the n™-type semiconductor regions 7
can be formed to have respective desired impurity concentra-
tions and desired junction depths.

Next, as shown in FIG. 28, in the memory cell region 3A,
the side wall insulating films SW are formed over the side
wall portions of the combined pattern of the control gate
electrode CG and the memory gate electrode MG. On the
other hand, in the core MIS formation region 1A, the side wall
insulating films SW are formed over the side wall portions of
the gate electrode GE. For example, by depositing the silicon
oxide film SO over the entire main surface of the semicon-
ductor substrate 1 and further depositing the silicon nitride
film SN thereover, an insulating film made of the laminated
film of the silicon oxide film SO and the silicon nitride film
SN is formed. By etching back the insulating film, the side
wall insulating films SW are formed over the side wall por-
tions of the foregoing combined pattern (CG and MG) and
over the side wall portions of the gate electrode GE. As each
of' the side wall insulating films SW, instead of the laminated
film of the silicon oxide film and the silicon nitride film, an
insulating film such as a single-layer silicon oxide film or a
single-layer silicon nitride film may also be used.

Next, as shown in FIG. 29, using the control gate electrode
CG, the memory gate electrode MG, and the side wall insu-
lating films SW as a mask, an n-type impurity such as arsenic
(As) or phosphorus (P) is implanted into the semiconductor
substrate 1 (p-type well PW3) to form the high-impurity-
concentration n*-type semiconductor region 8a, and the high-
impurity-concentration n*-type semiconductor region 85. At
this time, the n*-type semiconductor region 8a is formed by
self-alignment with the side wall insulating film SW closer to
the memory gate electrode MG in the memory cell region 3A.
On the other hand, the n*-type semiconductor region 85 is
formed by self-alignment with the side wall insulating film
SW closer to the control gate electrode CG in the memory cell
region 3A. The n*-type semiconductor region 8a is formed as
a semiconductor region having an impurity concentration
higher than that of the n™-type semiconductor region 7a, and
a junction depth deeper than that of the n™-type semiconduc-
tor region 7a. The n*-type semiconductor region 85 is formed
as a semiconductor region having an impurity concentration
higher than that of the n™-type semiconductor region 75, and
a junction depth deeper than that of the n™-type semiconduc-
tor region 7b. In the core MIS formation region 1A, into the
semiconductor substrate 1 (p-type well PW1) located on both
sides of the gate electrode GE, an n-type impurity such as
arsenic (As) or phosphorus (P) is implanted to form the
n*-type semiconductor regions 8. At this time, the n*-type
semiconductor regions 8 are formed by self-alignment with
the side wall insulating films SW over the side wall portions
ofthe gate electrode GE. The n*-type semiconductor regions
8 are formed as semiconductor regions having impurity con-
centrations higher than those of the n™-type semiconductor
regions 7 and junction depths deeper than those of the n™-type
semiconductor regions 7. The n*-type semiconductor region
8a, the n*-type semiconductor region 86, and the n*-type
semiconductor regions 8 may also be formed to have different
impurity concentrations, and different junction depths.
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By the foregoing process, in the memory cell region 3A,
the n-type drain region MD including the n™-type semicon-
ductor region 7b, and the n*-type semiconductor region 85
and functioning as the drain region of the memory transistor
is formed, and the source region MS including the n™-type
semiconductor region 7a, and the n*-type semiconductor
region 8a and functioning as the source region of the memory
transistor is formed. On the other hand, in the core MIS
formation region LA, the source/drain regions each having an
LDD structure including the n™-type semiconductor region 7,
and the n*-type semiconductor region 8 are formed.

Next, heat treatment (activation treatment) for activating
the impurity introduced into the source region MS (n™-type
semiconductor region 7a and n*-type semiconductor region
8a), the drain region MD (n™-type semiconductor region 75
and n*-type semiconductor region 85), and the source/drain
regions (7 and 8) is performed.

By the foregoing process, the MISFET (LT) is formed in
the core MIS formation region 1A, and the memory cell MC
is formed in the memory cell region 3A (FIG. 29).

Note that the process of forming the MISFET (LT), and the
memory cell MC is not limited to the foregoing process.

<SMT and Silicide Process>

Next, as shown in FIG. 30, over the semiconductor sub-
strate 1 including the MISFET (LT), and the memory cell
MC, a silicon oxide film is formed as the stopper film 9 to a
thickness of about 13 nm using a CVD method. For example,
the silicon oxide film is formed by a CVD method using, e.g.,
TEOS (Tetraethoxysilane) and ozone (O;) as raw material
gases. The stopper film 9 functions as the etching stopper in
the etching of the stress application film 10 described later.
The stopper film 9 can prevent undesired etching of each of
the patterns (such as, e.g., portions each made of the silicon
film) forming the MISFET (LT), and the memory cell MC.

Next, as shown in FIG. 31, over the stopper film 9, a silicon
nitride film is formed as the stress application film 10 to a
thickness of about 20 nm using a CVD method. For example,
the silicon nitride film is formed by a CVD method using
HCD (Hexachlorodisilane) and NH; (ammonia) as raw mate-
rial gases.

Next, the stress application film 10 in the memory cell
region 3A is removed therefrom. First, as shown in FIG. 32,
over the stress application film 10 in the core MIS formation
region 1A, a photoresist film PR3 is formed using photolitho-
graphic method. Then, as shown in FIG. 33, using the photo-
resist film PR3 as a mask, the stress application film 10 is
etched. Here, the silicon nitride film forming the stress appli-
cation film 10 is dry-etched. For example, using CH, as an
etching gas, isotropic dry etching is performed. As a result,
only the core MIS formation region 1A is covered with the
stress application film 10. In other words, only the MISFET
(LT) is covered with the stress application film 10. On the
other hand, the stopper film 9 in the memory cell region 3A is
exposed.

Here, the foregoing etching is performed under such con-
dition that the etching selectivity is high, i.e., the ratio of the
etching speed of the stress application film 10 to the etching
speed of the stopper film 9 is high, but the stopper film 9 is also
etched slightly. Accordingly, the thickness of the stopper film
9 in the memory cell region 3A becomes smaller than the
thickness of the stopper film 9 remaining under the stress
application film 10 in the core MIS formation region 1A (FIG.
33). Note that, when the thickness of the stopper film 9 in the
memory cell region 3A is T93 and the thickness of the stopper
film 9 in the core MIS formation region 1A is T91, a relation-
ship given by T93<T91 is established.
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Then, as shown in FIG. 34, after the photoresist film PR3 is
removed by ashing treatment or the like, heat treatment (re-
ferred to also as anneal) is performed. For example, as first
treatment, momentary anneal (referred to also as spike RTA)
is performed at about 1000° C. for a moment of not longer
than one second. Then, as second treatment, laser anneal at
about 1200° C. is performed. This causes a stress in the stress
application film 10. The stress application film after the heat
treatment, i.e., in a state where the stress is applied thereto is
denoted by “10S”. By the stress application film 10S, the
stress is applied to the MISFET (LT) in the core MIS forma-
tion region 1A. On the other hand, the stress application film
10 has been removed from the memory cell region 3 A so that
no stress is applied to the memory cell MC.

It may also be possible to activate the impurity introduced
into the source region MS (n™-type semiconductor region 7a
and n*-type semiconductor region 8a), the drain region MD
(n™-type semiconductor region 75 and n*-type semiconductor
region 8b), and the source/drain regions (7 and 8) using the
heat treatment and omit the previous heat treatment (activa-
tion treatment). It may also be possible to crystallize the
silicon films 4 and 6 each made of the amorphous silicon film
by the heat treatment (crystallization treatment).

Next, as shown in FIG. 35, the stress application film 10S
in the core MIS formation region 1A is removed. Here, the
silicon nitride film forming the stress application film 10S is
wet-etched under such a condition that the etching selectivity
is high, i.e., the ratio of the etching speed of the stress appli-
cation film 10S to the etching speed of the stopper film 9 is
high. For example, using a phosphoric acid (H;PO,) solution
as an etchant, the wet etching is performed at 155° C. for 600
seconds. As a result, the stopper film 9 in each of the core MIS
formation region 1A and the memory cell region 3A is
exposed.

Next, as shown in FIG. 36, the foregoing stopper film 9 is
removed. Here, the silicon oxide film forming the stopper film
9 is wet-etched under such a condition that the etching selec-
tivity is high, i.e., the ratio of the etching speed of the stopper
film 9 to the etching speed of the semiconductor substrate 1 is
high. For example, using a HF solution as an etchant, the wet
etching is performed at 25° C. for 100 seconds.

Next, as shown in FI1G. 37, using a salicide technique, in the
respective upper portions of the memory gate electrodes MG,
the n*-type semiconductor region 8a, and the n*-type semi-
conductor region 86 in the memory cell region 3A, the metal
silicide layers (metal silicide films) SIL are formed. On the
other hand, in the respective upper portions of the gate elec-
trode GE and the n*-type semiconductor regions 8 in the core
MIS formation region 1A, the metal silicide layers SIL are
formed.

The metal silicide layers SIL can reduce diffusion resis-
tance, contact resistance, and the like. The metal silicide
layers SIL can be formed as follows.

For example, over the entire main surface of the semicon-
ductor substrate 1, a metal film (not shown) is formed and, by
performing heat treatment on the semiconductor substrate 1,
the respective upper-layer portions of the memory gate elec-
trode MG, the gate electrodes GE, and the n*-type semicon-
ductor regions 8, 8a, and 86 are caused to react with the
foregoing metal film. In this manner, in the respective upper
portions of the memory gate electrode MG, the gate elec-
trodes GE, and the n*-type semiconductor regions 8, 8a, and
8b, the metal silicide layers SIL are formed. The foregoing
metal film is made of, e.g., a cobalt (Co) film, a nickel (Ni)
film, or the like and can be formed using a sputtering method
or the like. Then, the unreacted metal film is removed.
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Thereafter, over the entire main surface of the semiconduc-
tor substrate 1, an interlayer insulating film (not shown) is
formed, though the illustration thereof'is omitted. Then, in the
interlayer insulating film, contact holes (not shown) which
expose, e.g., the surfaces of the n*-type semiconductor
regions 8, 8a, and 86 are formed. By embedding a conductive
film in the contact holes, plugs (not shown) are formed. Then,
over the interlayer insulating film in which the plugs are
embedded, wires (not shown) are formed.

Thus, according to the present embodiment, the SMT is
applied only to the MISFET (LT) of the MISFET (LT) and the
memory cell MC. This can generally improve the character-
istics of the semiconductor device.

The present inventors have studied the case where the SMT
is applied to each of the MISFET (LT) and the memory cell
MC and obtained the result shown in FIG. 38. FIG. 38 is a
view showing the characteristics of the MISFET (L'T) and the
memory cell MC after the SMT has been applied thereto.

That is, the present inventors have studied the case where,
in a state in which the silicon nitride film as the stress appli-
cation film 10 is present over each of the core MIS formation
region 1A and the memory cell region 3A (see, e.g., FIG. 31),
heat treatment is performed to apply a stress to each of the
elements.

As shown in FIG. 38, with regard to the MISFET (LT), an
increase in channel current (simply shown as “Current” in
FIG. 38) due to the effect of the SMT can be recognized.
However, the channel current in each of the MISFET (HT)
and the memory cell MC has not changed. This may be
conceivably because, with regard to the memory cell MC
having a relatively large gate length, the effect of the SMT is
poor and consequently the channel current has not increased.

On the other hand, the HC has decreased in each of the
elements of the MISFET (LT) and the memory cell MC. This
may be conceivably because the hydrogen (H) contained in
the silicon nitride film used as the stress application film 10
affects the HC.

FIG. 39 is a cross-sectional view of a memory cell provided
with the silicon nitride film as the stress application film. With
regard to the memory cell shown in FIG. 39, the member
having the same function as that of the memory cell MC
shown in FI1G. 20 is designated by the same reference numeral
and a repeated description thereof is omitted. Note that “PW”
denotes a p-type well.

As shown in FIG. 39, the H (hydrogen) in the silicon nitride
film used as the stress application film 10 is diffused into the
memory cell by the heat treatment for applying a stress. For
example, when the H (hydrogen) reaches the silicon nitride
film 5N as a middle layer forming the insulating film (ONO
film) 5, shallow trap levels increase in the charge storage
portion of the memory cell. When charges to be “written” to
the memory cell are held by such shallow trap levels, the
charges tend to be released to degrade the holding character-
istic of the memory cell.

By contrast, in the present embodiment, the SMT is not
applied to the memory cell MS to which the effect of the SMT
is poor, and the stress application film (silicon nitride film) 10
over the memory cell MC is removed therefrom. Therefore, it
is possible to avoid the degradation of the characteristics of
the memory cell MC due to the H (hydrogen) in the foregoing
silicon nitride film.

It will be appreciated that, for the MISFET (LT), an
improvement in channel current can be achieved using the
SMT.

By thus selectively applying the SMT, it is possible to
generally improve the characteristics of the semiconductor
device.
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(Description of Application Example)

In the foregoing process, the stress application film 10 in
the memory cell region 3A is entirely removed therefrom to
expose the stopper film 9 in the region (see FIGS. 32 and 33).
However, it may also be possible to remove the portion of the
stress application film 10 in the memory cell region 3A which
corresponds to a predetermined thickness from the surface
thereof so as to reduce the thickness of the stress application
film 10 in the memory cell region 3A.

FIGS. 40 and 41 are main-portion cross-sectional views
showing the manufacturing process of the semiconductor
device in an application example of the present embodiment.

<Process of Forming MISFET (LT) and Memory Cell
MC)>

As has been described with reference to FIGS. 21 to 29, the
MISFET (LT) is formed in the core MIS formation region 1A,
and the memory cell MC is formed in the memory cell region
3A (FIG. 29).

<SMT and Silicide Process>

Next, as shown in FIG. 40, over the semiconductor sub-
strate 1 including the MISFET (LT), and the memory cell
MC, a silicon oxide film is formed as the stopper film 9 to a
thickness of about 5 nm using a CVD method. Then, over the
stopper film 9, a silicon nitride film is formed as the stress
application film 10 to a thickness of about 35 nm usinga CVD
method.

Next, over the stress application film 10 in the core MIS
formation region 1A, a photoresist film PR4 is formed using
a photolithographic method. Then, using the photoresist film
PR4 as a mask, the portion of the stress application film 10
corresponding to the predetermined thickness is etched from
the surface thereof. Here, from the surface of the silicon
nitride film forming the stress application film 10, the portion
thereof corresponding to a thickness of about 25 nm is aniso-
tropically or isotropically dry-etched. In other words, the dry
etching is performed until the thickness of the silicon nitride
film becomes about 10 nm. For example, using CF, as an
etching gas, the dry etching is performed. As a result, the
thickness of the stress application film 10 in the memory cell
region 3A becomes smaller than the thickness of the stress
application film 10 in the core MIS formation region 1A (FIG.
40). Note that, when the thickness of the stress application
film 10 in the memory cell region 3A is T103 and the thick-
ness of the stress application film 10 in the core MIS forma-
tion region 1A is T101, a relationship given by T103<T101 is
established.

Then, as shown in FIG. 41, the photoresist film PR4 is
removed by ashing treatment or the like. Thereafter, heat
treatment is performed. For example, as first treatment,
momentary anneal (referred to also as spike RTA) is per-
formed at 1010° C. for a moment of not longer than one
second. Then, as second treatment, laser anneal at 1230° C. is
performed. This causes a stress in the stress application film
10. By the stress application film 10, the stress is applied to
the MISFET (LT) in the core MIS formation region 1A. Here,
as the heat treatment for applying the stress to the stress
application film 10, heat treatment performed at a tempera-
ture of not less than 1000° C. for a moment of not longer than
one second is preferred. On the other hand, since the stress
application film 10 in the memory cell region 3 A has a small
thickness, a large stress is not applied to the memory cell MC.
The thickness of the stress application film 10 in the memory
cell region 3 A is preferably adjusted to be not more than 20
nm.

Thereafter, as has been described with reference to FIGS.
3410 37, the stress application film 10 after the heat treatment
is removed, and the stopper film 9 is further removed. Then,
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using a salicide technique, the metal silicide layers (metal
silicide films) SIL are formed.

Thus, according to the present embodiment, over the MIS-
FET (LT) and the memory cell MC, the stress application film
10 is formed and subjected to the heat treatment. However,
since the thickness of the stress application film 10 in the
memory cell region 3A is reduced, it is possible to reduce the
influence of the H (hydrogen) in the silicon nitride film used
as the stress application film. Therefore, it is possible to
reduce the degree of degradation of the characteristics of the
memory cell MC dueto the H (hydrogen) in the silicon nitride
film described above.

Also, in the present embodiment, the thin stress application
film 10 remains in the memory cell region 3A so that no
thickness difference is produced between the stopper film 9 in
the memory cell region 3A and the stopper film 9 in the core
MIS formation region 1A.

That s, in FIG. 35, the thickness of the stopper film 9 in the
memory cell region 3A is smaller than the thickness of the
stopper film 9 in the core MIS formation region 1A. In such a
case, depending on the thickness of the remaining stopper
film 9 and a thickness difference therein, it becomes difficult
to control the etching.

That is, when the etching is performed based on a thicker
film portion, a thinner film portion is brought into an over-
etched state. For example, an end portion of the silicon oxide
film SO forming the side wall insulating films SW and the
portions enclosed in the circles in FIG. 42 are etched unde-
sirably. If the metal silicide layers SIL. grow in such portions,
an increase in leakage current or the degradation of a break-
down voltage may occur. FIG. 42 is a main-portion cross-
sectional view for illustrating the effect of the manufacturing
process of the semiconductor device in the application
example of the present embodiment.

On the other hand, when the etching is performed based on
the thinner film portion, the residues of the stopper film 9 may
be left in the thicker film portion. Over such residues, the
metal silicide layers SIL do not sufficiently grow to result in
a problem.

By contrast, according to the present embodiment, by pre-
venting a thickness difference in the stopper film 9, it is
possible to avoid the growth of the metal silicide layers SIL in
the foregoing portions where it is undesired as well as no
growth of the metal silicide layers SIL due to the residues of
the stopper film 9. As a result, even when the silicon oxide
film is formed of a thin film having a thickness of, e.g., about
5 nm, a thickness difference in the stopper film 9 can be
prevented to allow the excellent metal silicide layers SIL to be
formed.

In the present embodiment, as the memory cell MC, the
memory cell MC of the type having the insulating film (ONO
film) 5, i.e., the split-gate memory cell MC using the silicon
nitride film SN serving as the middle layer of the insulating
film 5 as the charge storage portion has been described by way
of example. However, the structure of the memory cell may
also be configured to have only the memory gate MG, and the
charge storage film made of the insulating film (ONO film)
without having the control gate electrode CG. Instead, a
memory cell having a charge storage portion made not of an
insulating film, but of a conductive film of polysilicon or the
like may also be used.

For example, as the memory cell, a memory (hereinafter
referred to as the “FG memory cell” and referred to also as a
NOR flash memory, an NAND flash memory, or the like) of a
type having a floating gate electrode FG in an insulating film
may also be used.
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FIG. 43 is a cross-sectional view of the FG memory cell
provided with a silicon nitride film as a stress application film.
The FG memory cell has a floating gate electrode (gate elec-
trode) FG disposed over the semiconductor substrate (p-type
well PW) via a tunnel oxide film (insulating film) TO, and a
control gate electrode (gate electrode) CG disposed over the
floating gate electrode (gate electrode) FG via an insulating
film IL. The memory cell MC further has a source region S
and a drain region D which are formed in the p-type well PW
of'the semiconductor substrate 1. Over the side wall portions
of'the laminated portions ofthe floating gate electrode FG, the
control gate electrode CG, and the like, the side wall insulat-
ing films SW each made of an insulating film are formed.
Thus, the memory cell has the floating gate electrode FG
surrounded by the insulating films (referred to also as gate
insulating films TO, 1L, and SW) as the charge storage por-
tion.

In a memory cell of such a type also, as shown in FIG. 43,
the H (hydrogen) in the silicon nitride film used as the stress
application film is diffused into the memory cell by the heat
treatment for applying a stress. For example, upon reaching
the tunnel oxide film TO under the floating gate electrode FG,
the H (hydrogen) is bonded to silicon (Si) to form a Si—H
bond. Then, when hot carriers are generated by a rewrite
operation to the memory cell or the like, the Si—H bond is cut
to result in an interfacial level. If a large number of such
interfacial levels are formed, the carriers are trapped to
degrade a rewrite characteristic (write characteristic and erase
characteristic).

Accordingly, by removing the stress application film 10 in
the memory cell region therefrom and selectively applying
the SMT in the semiconductor device having the MISFET
(LT) and the FG memory cell as in the present embodiment, it
is possible to generally improve the characteristics of the
semiconductor device.

Additionally, by removing the portion of the stress appli-
cation film in the memory cell region which corresponds to a
predetermined thickness from the surface thereof so as to
reduce the thickness of the stress application film in the semi-
conductor device having the MISFET (LT) and the FG
memory cell as in the application example of the present
embodiment, itis possible to reduce the degree of degradation
of'the characteristics of the memory cell due to the H (hydro-
gen) in the silicon nitride film used as the stress application
film. It is also possible to prevent a thickness difference in the
stopper film 9 and form excellent metal silicide layers.

As an example of the memory cell having the flowing gate
electrode FG, a memory cell having a single-gate structure as
shown in FIG. 43 is shown. However, a memory cell having a
split-gate structure and the floating gate electrode FG, like the
memory cell in the present embodiment, may also be used.

(Embodiment 3)

Referring to the drawings, a description will be given of a
structure of a semiconductor device (semiconductor storage
device) in the present embodiment.

—Description of Structure—

FIG. 44 is a main-portion cross-sectional view showing a
configuration of the semiconductor device in the present
embodiment. The semiconductor device in the present
embodiment has the MISFET (LT), the MISFET (HT), and
the memory cell MC.

The MISFET (LT) is the MISFET formed in the core MIS
formation region 1A and having the gate length smaller than
that of the MISFET (HT). The gate length of the MISFET
(LT) s, e.g., about 40 nm. Such a MISFET having a relatively
small gate length is used in, e.g., a circuit (referred to also as
a core circuit or peripheral circuit) for driving the memory
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MC. The drive voltage of the MISFET (LT) tends to be lower
than that of the MISFET (HT). The insulating film 3 of the
MISFET (LT) may be thinner than the insulating film 3 ofthe
MISFET (HT).

On the other hand, the MISFET (HT) is the MISFET
formed in the /O MIS formation region 2A and having the
gate length larger than that of the MISFET (LT). The gate
length of the MISFET (HT) is, e.g., about 1000 nm. Such a
MISFET having a relatively large gate length is used in, e.g.,
an input/output circuit (referred to also as an I/O circuit) or the
like. The drive voltage of the MISFET (HT) tends to be higher
than that of the MISFET (LT). The insulating film 3 of the
MISFET (HT) may be thicker than the insulating film 3 of the
MISFET (LT).

The MISFET (LT) has the gate electrode GE disposed over
the semiconductor substrate 1 (p-type well PW1) via the
insulating film 3, and the source/drain regions disposed in the
semiconductor substrate 1 (p-type well PW1) located on both
sides of the gate electrode GE. Over the side wall portions of
the gate electrode GE, the side wall insulating films SW each
made of an insulating film are formed. Here, each of the side
wall insulating films SW is formed of the laminated body of
the silicon oxide film SO and the silicon nitride film SN. Each
of the source/drain regions has the LDD structure and
includes the n*-type semiconductor region 8, and the n™-type
semiconductor region 7. The n™-type semiconductor regions
7 are formed by self-alignment with the side walls of the gate
electrode GE. The n*-type semiconductor regions 8 are
formed by self-alignment with the side surfaces of the side
wall insulating films SW to have the junction depths deeper
than those of the n™-type semiconductor regions 7 and the
impurity concentrations higher than those of the n™-type
semiconductor regions 7.

The MISFET (HT) has the gate electrode GE disposed over
the semiconductor substrate 1 (p-type well PW2) via the
insulating film 3, and the source/drain regions disposed in the
semiconductor substrate 1 (p-type well PW2) located on both
sides of the gate electrode GE. Over the side wall portions of
the gate electrode GE, the side wall insulating films SW each
made of an insulating film are formed. Here, each of the side
wall insulating films SW is formed of the laminated body of
the silicon oxide film SO and the silicon nitride film SN. Each
of the source/drain regions has the LDD structure and
includes the n*-type semiconductor region 8, and the n™-type
semiconductor region 7. The n™-type semiconductor regions
7 are formed by self-alignment with the side walls of the gate
electrode GE. The n*-type semiconductor regions 8 are
formed by self-alignment with the side surfaces of the side
wall insulating films SW to have the junction depths deeper
than those of the n™-type semiconductor regions 7 and the
impurity concentrations higher than those of the n™-type
semiconductor regions 7.

The memory cell MC has the control gate electrode (gate
electrode) CG disposed over the semiconductor substrate 1
(p-type well PW3), and the memory gate electrode (gate
electrode) MG disposed over the semiconductor substrate 1
(p-type well PW3) to be adjacent to the control gate electrode
CG. Over the control gate electrode CG, the thin silicon oxide
film CP1 and the silicon nitride film (cap insulating film) CP2
are disposed. The memory cell MC further has the insulating
film 3 disposed between the control gate electrode CG and the
semiconductor substrate 1 (p-type well PW3), and the insu-
lating film 5 disposed between the memory gate electrode
MG and the semiconductor substrate 1 (p-type well PW3) and
disposed between the memory gate electrode MG and the
control gate electrode CG.
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The memory cell MC further has the source region MS, and
the drain region MD which are formed in the p-type well PW3
of'the semiconductor substrate 1. Over the side wall portions
of the combined pattern of the memory gate electrode MG
and the control gate electrode CG, the side wall insulating
films SW each made of an insulating film are formed. Here,
each the side wall insulating films SW is formed of the lami-
nated body of'the silicon oxide film SO and the silicon nitride
film SN. The source region MS includes the n*-type semi-
conductor region 8a, and the n™-type semiconductor region
7a. The n™-type semiconductor region 7a is formed by self-
alignment with the side wall of the memory gate electrode
MG. The n*-type semiconductor region 8a is formed by self-
alignment with the side surface of the side wall insulating film
SW closer to the memory gate electrode MG to have the
junction depth deeper than that of the n™-type semiconductor
region 7a, and the impurity concentration higher than that of
the n™-type semiconductor region 7a. The drain region MD
includes the n*-type semiconductor region 8b, and the
n~-type semiconductor region 7. The n™-type semiconductor
region 75 is formed by self-alignment with the side wall of the
control gate electrode CG. The n*-type semiconductor region
85 is formed by self-alignment with the side surface of the
side wall insulating film SW closer to the control gate elec-
trode CG to have a junction depth deeper than that of the
n~-type semiconductor regions 7b, and an impurity concen-
tration higher than that of the n™-type semiconductor region
7b.

Here, in the present embodiment (FIG. 44), to the channel
region of the MISFET (LT) among the MISFET (LT), the
MISFET (HT), and the memory cell MC, a stress is applied
using the SMT while, to the channel regions of the MISFET
(HT) and the memory cell MC, no stress is applied.

The SMT is the technique which applies a stress from the
upper portion and side surface portions of the gate electrode
of'a MISFET to the channel region thereofto cause the crystal
in the channel region to strain and thus improve the mobility
of carriers in the channel region.

Specifically, a stress application film is formed over the
upper portion of each of the gate electrodes and subjected to
heat treatment. By the heat treatment, a stress (compressive
stress or tensile stress) is applied to the stress application film.
The stress reaches the channel region under the gate electrode
GE to change a crystal spacing in the channel region and thus
allow an improvement in the mobility of carriers. The stress
applied to the channel region is maintained even after the
stress application film is removed.

As aresult, in the present embodiment (FIG. 44), the crys-
tal spacing in the channel region of the MISFET (LT) among
the MISFET (LT), the MISFET (HT), and the memory cell
MC has been changed by the SMT. On the other hand, since
the SMT is not applied to the MISFET (HT) and the memory
cell MC, there is no change due to the SMT in the crystal
spacing in the channel region of each of the MISFET (HT)
and the memory cell MC. Thus, in the semiconductor device
of'the present embodiment, the SMT is not applied to each of
the elements, but is selectively applied to be able to generally
improve the characteristics of the semiconductor device. A
detailed description will be further given in the following
“Description of Manufacturing Method” section.

—Description of Manufacturing Method—

Next, referring to FIGS. 45 to 61, a method of manufac-
turing the semiconductor device in the present embodiment
will be described. FIGS. 45 to 61 are main-portion cross-
sectional views showing the manufacturing process of the
semiconductor device in the present embodiment.
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<Process of Forming MISFET (LT), MISFET (HT), and
Memory Cell MC>

First, a description will be given of an example of the
process of forming the MISFET (LT), the MISFET (HT), and
the memory cell MC.

As shown in FIG. 45, as the semiconductor substrate 1,
silicon substrate made of p-type monocrystalline silicon hav-
ing a specific resistance of, e.g., about 1 to 10 Qcm is pro-
vided. Note that the semiconductor substrate 1 other than the
silicon substrate may also be used.

Next, in the main surface of the semiconductor substrate 1,
the isolation region 2 is formed. For example, in the semicon-
ductor substrate 1, an isolation trench is formed and an insu-
lating film such as a silicon oxide film is embedded in the
isolation trench to form the isolation region 2. Such an isola-
tion method is referred to as a STI (Shallow Trench Isolation)
method. Instead, a LOCOS (Local Oxidization of Silicon)
method or the like may also be used to form the isolation
region 2.

Then, in the core MIS formation region 1A of the semi-
conductor substrate 1, the p-type well PW1 is formed and, in
the I/O MIS formation region 2A thereof, the p-type well
PW2 is formed while, in the memory cell region 3A thereof,
the p-type well PW3 is formed. The p-type wells PW1, PW2,
and PW3 are formed by ion-implanting a p-type impurity
(such as, e.g., boron (B)).

Next, by diluted hydrofluoric acid cleaning or the like, the
surface of the semiconductor substrate 1 (p-type wells PW1,
PW2, and PW3) is cleaned. Then, as shown in FIG. 46, over
the main surface of the semiconductor substrate 1 (surfaces of
the p-type wells PW1, PW2, and PW3), e.g., a silicon oxide
film is formed as the insulating film (gate insulating film) 3 to
athickness of about 2 to 3 nm by a thermal oxidation method.
As the insulating film 3, instead of the silicon oxide film,
another insulating film such as a silicon oxynitride film may
also be used. Besides, a metal oxide film having a dielectric
constant higher than that of a silicon nitride film such as a
hafnium oxide film, an aluminum oxide film (alumina), or a
tantalum oxide film and a laminated film of an oxide film or
the like and the metal oxide film may also be formed. Instead
of' the thermal oxidation method, a CVD method may also be
used to form the insulating film 3. The insulating film (gate
insulating film) 3 over the core MIS formation region, the
insulating film (gate insulating film) 3 over the /O MIS
formation region 2A, and the insulating film (gate insulating
film) 3 over the memory cell region 3A may also be formed of
different types of films or to different thicknesses.

Then, over the entire surface of the semiconductor sub-
strate 1, the silicon film 4 is formed as the conductive film
(conductor film). As the silicon film 4, e.g., a polycrystalline
silicon film is formed to a thickness of about 100 to 200 nm
using a CVD method or the like. As the silicon film 4, an
amorphous silicon film may also be deposited and subjected
to heat treatment to be crystallized (crystallization treatment).
The silicon film 4 serves as the gate electrode GE of the
MISFET (LT) in the core MIS formation region 1A, while
serving as the gate electrode GE of the MISFET (HT) in the
1/O MIS formation region 2A and as the control gate electrode
CG of the memory cell MC in the memory cell region 3A.

Next, an n-type impurity (such as arsenic (As) or phospho-
rus (P)) is implanted into the silicon film 4 in the memory cell
region 3A.

Next, the surface of the silicon film 4 is thermally oxidized
to form the thin silicon oxide film CP1 having a thickness of,
e.g., about 3 to 10 nm. Note that the silicon oxide film CP1
may also be formed using a CVD method. Then, over the
silicon oxide film CP1, using a CVD method or the like, the
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silicon nitride film (cap insulating film) CP2 having a thick-
ness of about 50 to 150 nm is formed.

Next, in the region where the control gate electrode CG is
to be formed, a photoresist film (not shown) is formed using
a photolithographic method and, using the photoresist film as
a mask, the silicon nitride film CP2, the silicon oxide film
CP1, and the silicon film 4 are etched. Thereafter, the photo-
resist film is removed by ashing or the like to form the control
gateelectrode CG (having a gate length of, e.g., about 80 nm).
Such a series of process steps from photolithography to the
removal of a photoresist film is referred to as patterning. Here,
over the control gate electrode CG, the silicon nitride film
CP2 and the silicon oxide film CP1 are formed, but such films
can also be omitted.

Here, in the memory cell region 3A, the insulating film 3
remaining under the control gate electrode CG serves as the
gate insulating film of the control transistor. Note that the
insulating film 3 except for the portion thereof covered with
the control gate electrode CG may also be removed by the
subsequent patterning process or the like. On the other hand,
in the core MIS formation region 1A and the I/O MIS forma-
tion region 2A, the silicon nitride film CP2, the silicon oxide
film CP1, and the silicon film 4 are left.

Next, in the core MIS formation region 1A, the silicon
nitride film CP2 over the silicon film 4 is removed therefrom.

Next, as shown in FIG. 47, over the semiconductor sub-
strate 1 including the silicon nitride film CP2, and the silicon
oxide film CP1, the insulating film 5 (5A, 5N, and 5B) is
formed. First, after the main surface of the semiconductor
substrate 1 is subjected to cleaning treatment, as shown in
FIG. 47, the silicon oxide film 5A is formed over the semi-
conductor substrate 1 including the silicon nitride film CP2
and the silicon oxide film CP1. The silicon oxide film 5A is
formed to a thickness of, e.g., about 4 nm by, e.g., a thermal
oxidation method (preferably ISSG oxidation). Note that the
silicon oxide film 5A may also be formed using a CVD
method. In the drawing, the shape of the silicon oxide film 5A
when formed by the CVD method is shown. Then, over the
silicon oxide film 5A, the silicon nitride film 5N is formed to
a thickness of, e.g., about 10 nm by a CVD method. The
silicon nitride film 5N serves as the charge storage portion of
the memory cell to form the middle layer forming the insu-
lating film (ONO film) 5.

Then, over the silicon nitride film 5N, the silicon oxide film
5B is deposited to a thickness of, e.g., about 5 nm by a CVD
method.

By the foregoing process, the insulating film (ONO film) 5
including the silicon oxide film 5A, the silicon nitride film
5N, and the silicon oxide film 5B can be formed. Note that,
over the silicon nitride film (cap insulating film) CP2 in the
core MIS formation region 1A and the I/O MIS formation
region 2A shown in FIG. 47, the insulating film (ONO film) 5
may also remain.

Also, in the present embodiment, as the charge storage
portion (charge storage layer or insulating film having a trap
level) in the insulating film 5, the silicon nitride film 5N is
formed. However, another insulating film such as, e.g., a
silicon oxynitride film, an aluminum oxide film, a hafnhium
oxide film, or a tantalum oxide film may also be used as the
charge storage portion. Such films are high-dielectric-con-
stant films each having a dielectric constant higher than that
of the silicon nitride film. Alternatively, the charge storage
layer may also be formed using an insulating film having
silicon nano-dots.

The insulating film 5 formed in the memory cell region 3A
functions as the gate insulating film of the memory gate
electrode MG and has a charge holding (charge storing) func-
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tion. Accordingly, the insulating film 5 has a laminated struc-
ture including at least three layers and is configured such that
the potential barrier height of the inner layer (silicon nitride
film 5N) is lower than the potential barrier heights of the outer
layers (silicon oxide films SA and 5B). The thickness of each
of the layers has an optimal value for each of the operation
methods of the memory cell.

Then, over the insulating film 5, the silicon film 6 is formed
as the conductive (conductor film). Over the insulating film 5,
as the silicon film 6, e.g., a polycrystalline silicon film is
formed to a thickness of about 50 to 200 nm using a CVD
method or the like. As the silicon film 6, an amorphous silicon
film may also be deposited and subjected to heat treatment to
be crystallized (crystallization treatment). Note that, into the
silicon film 6, an impurity may also be introduced as neces-
sary. As will be described later, the silicon film 6 serves as the
memory gate electrode MG (having a gate length of, e.g.,
about 50 nm) in the memory cell region 3A.

Next, as shown in FIG. 48, the silicon film 6 is etched back.
In the etch-back process, the portion of the silicon film 6
corresponding to a predetermined thickness is removed from
the surface thereof by anisotropic dry etching. By the process,
the silicon film 6 can be left in sidewall shapes (side wall film
shapes) over the both side wall portions of the control gate
electrode CG via the insulating film 5. At this time, in the core
MIS formation region 1A and the I/O MIS formation region
2A, the silicon film 6 is etched to expose the insulating film 5.
Note that in the boundary portion between the I/O MIS for-
mation region 1A and the memory cell region 3A, over the
side wall of the laminated film of the silicon oxide film CP1
and the silicon film 4, the silicon film 6 remains in the sidewall
shape (side wall film shape) as the silicon spacer SP2 via the
insulating film 5.

The silicon film 6 remaining over one of the both side wall
portions of the foregoing control gate electrode CG forms the
memory gate electrode MG. On the other hand, the silicon
film 6 remaining over the other side wall portion forms the
silicon spacer SP1. The insulating film 5 under the foregoing
memory gate electrode MG serves as the gate insulating film
of the memory transistor. The memory gate length (gate
length of the memory gate electrode MG) is determined in
correspondence to the thickness of the deposited silicon film
6.

Next, as shown in FIG. 49, the silicon spacer SP1 over the
side wall portion of the control gate electrode CG over which
the memory gate electrode MG is not formed and the silicon
spacer SP2 (silicon film 6) in the boundary portion between
the core MIS formation region 1A and the memory cell region
3A are removed.

Next, the insulating film 5 is removed by etching. As a
result, in the memory cell region 3 A, the silicon nitride film
CP2 over the control gate electrode CG is exposed, and the
p-type well PW3 is exposed. On the other hand, in the core
MIS formation region 1A, the silicon oxide film CP1 is also
removed to expose the silicon film 4.

Next, in the core MIS formation region 1A, an impurity is
introduced into the silicon film 4. For example, into the sili-
con film 4, an n-type impurity such as phosphorus is intro-
duced.

Next, in the region of the silicon film 4 where the gate
electrode GE of the MISFET (LT) is to be formed and in the
region of the silicon film 4 where the gate electrode GE of the
MISFET (HT) is to be formed, a photoresist film (not shown)
is formed using a photolithographic method and, using the
photoresist film as a mask, the silicon film 4 is etched. There-
after, the photoresist film (not shown) is removed by ashing or
the like to form the gate electrode GE of the MISFET (LT) in
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the core MIS formation region 1A and form the gate electrode
GE of the MISFET (HT) in the I/O MIS formation region 2A,
as shown in FIG. 50. The gate length of the gate electrode GE
of the MISFET (LT) is, e.g., about 40 nm, while the gate
length of the gate electrode GE of the MISFET (HT) is, e.g.,
about 1000 nm.

The insulating film 3 remaining under each of the gate
electrodes GE serves as the gate insulating film of each of the
MISFETs (LT and HT). The insulating film 3 other than the
portions thereof covered with the gate electrodes GE may also
be removed during the formation of the foregoing gate elec-
trodes GE or by the subsequent patterning process or the like.

Next, as shown FIG. 51, using a photoresist film (not
shown) having an opening on one side (opposite to the
memory gate electrode MG) of the control gate electrode CG
as a mask, a p-type impurity is obliquely implanted (oblique
implantation is performed). Thus, in the semiconductor sub-
strate 1 located under the control gate electrode CG, the
p-type halo region (p-type impurity region) HL is formed.
The p-type halo region HL need not necessarily be formed.
However, when the p-type halo region HL. is formed, a deple-
tion layer is inhibited from expanding from the drain region
MD to the channel region of the memory transistor so that the
short-channel effect in a memory transistor is suppressed.
This can inhibit a reduction in the threshold voltage of the
memory transistor. Thereafter, the foregoing photoresist film
(not shown) is removed.

Next, in the memory cell region 3 A, in the semiconductor
substrate 1 (p-type well PW1), an n-type impurity such as
arsenic (As) or phosphorus (P) is implanted to form the
n~-type semiconductor region 7a and the n™-type semicon-
ductor region 7b. At this time, the n™-type semiconductor
region 7a is formed by self-alignment with the side wall (side
wall opposite to the side wall adjacent to the control gate
electrode CG via the insulating film 5) of the memory gate
electrode MG. On the other hand, the n™-type semiconductor
region 75 is formed by self-alignment with the side wall (side
wall opposite to the side wall adjacent to the memory gate
electrode MG via the insulating film 5) of the control gate
electrode CG. In the core MIS formation region 1A and the
1/0 MIS formation region 2A, into the semiconductor sub-
strate 1 (p-type wells PW1 and PW2) located on both sides of
the gate electrodes GE, an n-type impurity such as arsenic
(As) or phosphorus (P) is implanted to form the n™-type
semiconductor regions 7. At this time, the n™-type semicon-
ductor regions 7 are formed by self-alignment with the side
walls of the gate electrodes GE.

The n™-type semiconductor region 7a, the n™-type semi-
conductor region 7b, and the n™-type semiconductor regions 7
may be formed by the same ion implantation process, but are
formed herein by different ion implantation processes. By
thus forming the n™-type semiconductor region 7a, the
n™-type semiconductor region 7b, and the n™-type semicon-
ductor regions 7 by the different ion implantation processes,
the n™-type semiconductor region 7a, the n™-type semicon-
ductor region 7b, and the n™-type semiconductor regions 7
can be formed to have respective desired impurity concentra-
tions and desired junction depths. It may also be possible that
the n™-type semiconductor regions 7 in the core MIS forma-
tion region 1A and the n™-type semiconductor regions 7 in the
1/O MIS formation region 2A are formed to have different
impurity concentrations, and different junction depths.

Next, as shown in FIG. 52, in the memory cell region 3A,
the side wall insulating films SW are formed over the side
wall portions of the combined pattern of the control gate
electrode CG and the memory gate electrode MG. On the
other hand, in the core MIS formation region 1A and the [/O
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MIS formation region 2A, the side wall insulating films SW
are formed over the side wall portions of the gate electrodes
GE. For example, by depositing the silicon oxide film SO over
the entire main surface of the semiconductor substrate 1 and
further depositing the silicon nitride film SN thereover, the
insulating film made of the laminated film of'the silicon oxide
film SO and the silicon nitride film SN is formed. By etching
back the insulating film, the side wall insulating films SW are
formed over the side wall portions of the foregoing combined
pattern (CG and MG) and over the side wall portions of the
gate electrode GE. As each of the side wall insulating films
SW, instead of the laminated film of the silicon oxide film and
the silicon nitride film, an insulating film such as a single-
layer silicon oxide film or a single-layer silicon nitride film
may also be used.

Next, as shown in FIG. 53, using the control gate electrode
CG, the memory gate electrode MG, and the side wall insu-
lating films SW as a mask, an n-type impurity such as arsenic
(As) or phosphorus (P) is implanted into the semiconductor
substrate 1 (p-type well PW 3) to form the high-impurity-
concentration n*-type semiconductor region 8a, and the high-
impurity-concentration n*-type semiconductor region 85. At
this time, the n*-type semiconductor region 8a is formed by
self-alignment with the side wall insulating film SW closer to
the memory gate electrode MG in the memory cell region 3A.
On the other hand, the n*-type semiconductor region 85 is
formed by self-alignment with the side wall insulating film
SW closer to the control gate electrode CG in the memory cell
region 3A. The n*-type semiconductor region 8a is formed as
the semiconductor region having the impurity concentration
higher than that of the n™-type semiconductor region 7a, and
the junction depth deeper than that of the n™-type semicon-
ductor region 7a. The n*-type semiconductor region 85 is
formed as the semiconductor region having the impurity con-
centration higher than that of the n™-type semiconductor
region 7b, and the junction depth deeper than that of the
n~-type semiconductor region 7b. In each of the core MIS
formation region 1A and the /O MIS formation region 2A,
into the semiconductor substrate 1 (p-type wells PW1 and
PW2) located on both sides of the gate electrodes GE, an
n-type impurity such as arsenic (As) or phosphorus (P) is
implanted to form the n*-type semiconductor regions 8. At
this time, the n*-type semiconductor regions 8 are formed by
self-alignment with the side wall insulating films SW over the
side wall portions of the gate electrodes GE. The n*-type
semiconductor regions 8 are formed as the semiconductor
regions having the impurity concentrations higher than those
of the n™-type semiconductor regions 7 and the junction
depths deeper than those of the n™-type semiconductor
regions 7. The n*-type semiconductor region 8a, the n*-type
semiconductor region 8b, and the n*-type semiconductor
regions 8 may be formed to have different impurity concen-
trations, and different junction depths. It may also be possible
that the n*-type semiconductor regions 8 in the core MIS
formation region 1A and the n*-type semiconductor regions 8
in the /O MIS formation region 2A are formed to have
different impurity concentrations, and different junction
depths.

By the foregoing process, in the memory cell region 3A,
the n-type drain region MD including the n™-type semicon-
ductor region 7b, and the n*-type semiconductor region 85
and functioning as the drain region of the memory transistor
is formed, and the n-type source region MS including the
n”-type semiconductor region 7a, and the n*-type semicon-
ductor region 8a and functioning as the source region of the
memory transistor is formed. On the other hand, in the core
MIS formation region 1A and the I/O MIS formation region
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2A, the source/drain regions each having the LDD structure
including the n~-type semiconductor region 7, and the
n*-type semiconductor region 8 are formed.

Next, heat treatment (activation treatment) for activating
the impurity introduced into the source region MS (n™-type
semiconductor region 7a and n*-type semiconductor region
8a), the drain region MD (n~-type semiconductor region 75
and n*-type semiconductor region 86), and the source/drain
regions (7 and 8) is performed.

By the foregoing process, the MISFET (LT) is formed in
the core MIS formation region LA, the MISFET (HT) is
formed in the /O MIS formation region 2A, and the memory
cell MC is formed in the memory cell region 3A (FIG. 53).

Note that the process of forming the MISFET (LT), the
MISFET (HT), and the memory cell MC is not limited to the
foregoing process.

<SMT and Silicide Process>

Next, as shown in FIG. 54, over the semiconductor sub-
strate 1 including the MISFET (LT), the MISFET (HT), and
the memory cell MC, a silicon oxide film is formed as the
stopper film 9 to a thickness of about 13 nm using a CVD
method. For example, the silicon oxide film is formed by a
CVD method using, e.g., TEOS (Tetraethoxysilane) and
ozone (O;) as raw material gases. The stopper film 9 functions
as the etching stopper in the etching of the stress application
film 10 described later. The stopper film 9 can prevent undes-
ired etching of each of the patterns (such as, e.g., portions
each made of the silicon film) forming the MISFET (LT), the
MISFET (HT), and the memory cell MC.

Next, as shown in FIG. 55, over the stopper film 9, a silicon
nitride film is formed as the stress application film 10 to a
thickness of about 20 nm using a CVD method. For example,
the silicon nitride film is formed by a CVD method using
HCD (Hexachlorodisilane) and NH; (ammonia) as raw mate-
rial gases.

Next, the stress application film 10 in each of the [/O MIS
formation region 2A and the memory cell region 3A is
removed therefrom. First, as shown in FIG. 56, over the stress
application film 10 in the core MIS formation region 1A, a
photoresist film PR5 is formed using a photolithographic
method. Then, as shown in FIG. 57, using the photoresist film
PR5 as a mask, the stress application film 10 is etched. Here,
the silicon nitride film forming the stress application film 10
is dry-etched. For example, using CH, as an etching gas,
isotropic dry etching is performed. As a result, only the core
MIS formation region 1A is covered with the stress applica-
tion film 10. In other words, only the MISFET (LT) is covered
with the stress application film 10. On the other hand, the
stopper film 9 in each of the I/O MIS formation region 2A and
the memory cell region 3A is exposed.

Here, the foregoing etching is performed under such a
condition that the etching selectivity is high, i.e., the ratio of
the etching speed of the stress application film 10 to the
etching speed of the stopper film 9 is high, but the stopper film
9 is also etched slightly. Accordingly, the thickness of the
stopper film 9 in each of the I/O MIS formation region 2A and
the memory cell region 3A becomes smaller than the thick-
ness of the stopper film 9 remaining under the stress applica-
tion film 10 in the core MIS formation region 1A (FIG. 57).
Note that, when the thickness of the stopper film 9 in the I/O
MIS formation region 2A is T92, the thickness of the stopper
film 9 in the memory cell region 3A is T93, and the thickness
of the stopper film 9 in the core MIS formation region 1A is
T91, a relationship given by T92=T93<T91 is established.

Then, as shown in FIG. 58, after the photoresist film PR5 is
removed by ashing treatment or the like, heat treatment (re-
ferred to also as anneal) is performed. For example, as first
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treatment, momentary anneal (referred to also as spike RTA)
is performed at about 1000° C. for a moment of not longer
than one second. Then, as second treatment, laser anneal at
about 1200° C. is performed. This causes a stress in the stress
application film 10. The stress application film after the heat
treatment, i.e., in a state where the stress is applied thereto is
denoted by “10S”. By the stress application film 10S, the
stress is applied to the MISFET (LT) in the core MIS forma-
tion region 1A. On the other hand, the stress application film
10 has been removed from each of the I/O MIS formation
region 2A and the memory cell region 3 A so that no stress is
applied to the MISFET (HT) and the memory cell MC.

It may also be possible to activate the impurity introduced
into the source region MS (n™-type semiconductor region 7a
and n*-type semiconductor region 8a), the drain region MD
(n~-type semiconductor region 76 and n*-type semiconductor
region 8b), and the source/drain regions (7 and 8) using the
heat treatment and omit the previous heat treatment (activa-
tion treatment). It may also be possible to crystallize the
silicon films 4 and 6 each made of the amorphous silicon film
by the heat treatment (crystallization treatment).

Next, as shown in FIG. 59, the stress application film 10S
in the core MIS formation region 1A is removed. Here, the
silicon nitride film forming the stress application film 10S is
wet-etched under such a condition that the etching selectivity
is high, i.e., the ratio of the etching speed of the stress appli-
cation film 10S to the etching speed of the stopper film 9 is
high. For example, using a phosphoric acid (H;PO,) solution
as an etchant, the wet etching is performed at 155° C. for 600
seconds. As a result, the stopper film 9 in each of the core MIS
formation region 1A, the /O MIS formation region 2A, and
the memory cell region 3A is exposed.

Next, as shown in FIG. 60, the foregoing stopper film 9 is
removed. Here, the silicon oxide film forming the stopper film
is wet-etched under such a condition that the etching selec-
tivity is high, i.e., the ratio of the etching speed of the stopper
film 9 to the etching speed of the semiconductor substrate 1 is
high. For example, using a HF solution as an etchant, the wet
etching is performed at 25° C. for 100 seconds.

Next, as shown in FIG. 61, using a salicide technique, in the
respective upper portions of the memory gate electrodes MG,
the n*-type semiconductor region 8a, and the n*-type semi-
conductor region 85 in the memory cell region 3A, the metal
silicide layers (metal silicide films) SIL are formed. On the
other hand, in the core MIS formation region 1A and the [/O
MIS formation region 2A, in the respective upper portions of
the gate electrodes GE and the n*-type semiconductor regions
8, the metal silicide layers SIL are formed.

The metal silicide layers SIL can reduce diffusion resis-
tance, contact resistance, and the like. The metal silicide
layers SIL can be formed as follows.

For example, over the entire main surface of the semicon-
ductor substrate 1, a metal film (not shown) is formed and, by
performing heat treatment on the semiconductor substrate 1,
the respective upper-layer portions of the memory gate elec-
trode MG, the gate electrodes GE, and the n*-type semicon-
ductor regions 8, 8a, and 86 are caused to react with the
foregoing metal film. In this manner, in the respective upper
portions of the memory gate electrode MG, the gate elec-
trodes GE, and the n*-type semiconductor regions 8, 8a, and
85, the metal silicide layers SIL are formed. The foregoing
metal film is made of, e.g., a cobalt (Co) film, a nickel (Ni)
film, or the like and can be formed using a sputtering method
or the like. Then, the unreacted metal film is removed.

Thereafter, over the entire main surface of the semiconduc-
tor substrate 1, an interlayer insulating film (not shown) is
formed, though the illustration thereof'is omitted. Then, in the
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interlayer insulating film, contact holes (not shown) which
expose, e.g., the surfaces of the n*-type semiconductor
regions 8, 8a, and 86 are formed. By embedding a conductive
film in the contact holes, plugs (not shown) are formed. Then,
over the interlayer insulating film in which the plugs are
embedded, wires (not shown) are formed.

Thus, according to the present embodiment, the SMT is
applied only to the MISFET (LT) among the MISFET (LT),
the MISFET (HT), and the memory cell MC. This can gen-
erally improve the characteristics of the semiconductor
device.

The present inventors have studied the case where the SMT
is applied to each of the MISFET (LT), the MISFET (HT), and
the memory cell MC and obtained the result shown in FIG.
62. FIG. 62 is a view showing the characteristics of the MIS-
FET (LT), the MISFET (HT), and the memory cell MC after
the SMT has been applied thereto.

That is, the present inventors have studied the case where,
in a state in which the silicon nitride film as the stress appli-
cation film 10 is present over each of the core MIS formation
region 1A, the /O MIS formation region 2A, and the memory
cellregion 3A (see, e.g., FIG. 55), heat treatment is performed
to apply a stress to each of the elements.

As shown in FIG. 62, with regard to the MISFET (LT), an
increase in channel current (simply shown as “Current” in
FIG. 62) due to the effect of the SMT can be recognized.
However, the channel current in each of the MISFET (HT)
and the memory cell MC has not changed. This may be
conceivably because, with regard to the MISFET (HT) and
the memory cell MC each having a relatively large gate
length, the effect of the SMT is poor and consequently the
channel current has not increased.

On the other hand, the HC has decreased in each of the
elements of the MISFET (LT), the MISFET (HT), and the
memory cell MC. This may be conceivably because the
hydrogen (H) contained in the silicon nitride film used as the
stress application film 10 affects the HC.

Ashas been described with reference to FIG. 16, the silicon
nitride film used as the stress application film 10 contains a
large amount of H (hydrogen). The H (hydrogen) in the sili-
con nitride film is diffused into the MISFET by the heat
treatment for applying the stress. For example, when the H
(hydrogen) reaches the interface between the semiconductor
substrate 1 (p-type well) and the insulating film 3, the H
(hydrogen) is bonded to silicon (Si) to form a Si—H bond.
When the MISFET performs a driving operation, if hot car-
riers are generated in the drain region to which a high poten-
tial is applied, the Si—H bond is cut to result in an interfacial
level. If a large number of such interfacial levels are formed,
the carriers are trapped to degrade the driving ability of the
MISFET.

As has been also described with reference to FIG. 39, the H
(hydrogen) in the silicon nitride film used as the stress appli-
cation film 10 is diffused into the memory cell by the heat
treatment for applying a stress. For example, when the H
(hydrogen) reaches the silicon nitride film 5N as the middle
layer forming the insulating film (ONO film) 5, the shallow
trap levels increase in the charge storage portion of the
memory cell. When the charges to be “written” to the memory
cell are held by such shallow trap levels, the charges tend to be
released to degrade the holding characteristic of the memory
cell.

By contrast, in the present embodiment, the SMT is not
applied to the MISFET (HT) to which the effect of the SMT
is poor, and the stress application film (silicon nitride film)
over the MISFET (HT) is removed therefrom. Therefore, it is
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possible to avoid the degradation of the driving ability of the
MISFET due to the H (hydrogen) in the foregoing silicon
nitride film.

Likewise, to the memory cell MC to which the effect of the
SMT is poor also, the SMT is not applied, and the stress
application film (silicon nitride film) 10 over the memory cell
MC is removed therefrom. Therefore, it is possible to avoid
the degradation of the characteristics of the memory cell MC
due to the H (hydrogen) in the foregoing silicon nitride film.

It will be appreciated that, for the MISFET (LT), an
improvement in channel current can be achieved using the
SMT.

By thus selectively applying the SMT, it is possible to
generally improve the characteristics of the semiconductor
device.

(Description of Application Example)

In the foregoing process, the stress application film 10 in
each ofthe /O MIS formation region 2A and the memory cell
region 3A is entirely removed therefrom to expose the stopper
film 9 in the regions (see FIGS. 56 and 57). However, it may
also be possible to remove the portion of the stress application
film 10 in each of the I/O MIS formation region 2A and the
memory cell region 3A which corresponds to a predeter-
mined thickness from the surface thereof so as to reduce the
thickness of the stress application film 10 in each of the I/O
MIS formation region 2A and the memory cell region 3A.

FIGS. 63 and 64 are main-portion cross-sectional views
showing the manufacturing process of the semiconductor
device in an application example of the present embodiment.

<Process of Forming MISFET (LT), MISFET (HT), and
Memory Cell MC>

Ashas been described with reference to FIGS. 45 to 53, the
MISFET (LT) is formed in the core MIS formation region 1A,
the MISFET (HT) is formed in the I/O MIS formation region
2A, and the memory cell MC is formed in the memory cell
region 3 (FIG. 53).

<SMT and Silicide Process>

Next, as shown in FIG. 63, over the semiconductor sub-
strate 1 including the MISFET (LT), the MISFET (HT), and
the memory cell MC, a silicon oxide film is formed as the
stopper film 9 to a thickness of about 5 nm using a CVD
method. Then, over the stopper film 9, a silicon nitride film is
formed as the stress application film 10 to a thickness of about
35 nm using a CVD method.

Next, over the stress application film 10 in the core MIS
formation region 1A, a photoresist film PR6 is formed using
a photolithographic method. Then, using the photoresist film
PR6 as a mask, the portion of the stress application film 10
corresponding to the predetermined thickness is etched from
the surface thereof. Here, from the surface of the silicon
nitride film forming the stress application film 10, the portion
thereof corresponding to a thickness of about 25 nm is aniso-
tropically or isotropically dry-etched. In other words, the dry
etching is performed until the thickness of the silicon nitride
film becomes about 10 nm. For example, using CF, as an
etching gas, the dry etching is performed. As a result, the
thickness of the stress application film 10 in each of the I/O
MIS formation region 2A and the memory cell region 3A
becomes smaller than the thickness of the stress application
film 10 in the core MIS formation region 1A (FIG. 63). Note
that, when the thickness of the stress application film 10 in the
1/O MIS formation region 2A is T102, the thickness of the
stress application film 10 in the memory cell region 3A is
T103, and the thickness of the stress application film 10 in the
core MIS formation region 1A is T101, a relationship given
by T102~T103<T101 is established.
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Then, as shown in FIG. 64, the photoresist film PR6 is
removed by ashing treatment or the like. Thereafter, heat
treatment is performed. For example, as first treatment,
momentary anneal (referred to also as spike RTA) is per-
formed at about 1000° C. for a moment of not longer than one
second. Then, as second treatment, laser anneal at about
1200° C. is performed. This causes a stress in the stress
application film 10. By the stress application film 10, the
stress is applied to the MISFET (LT) in the core MIS forma-
tion region 1A. Here, as the heat treatment for applying the
stress to the stress application film 10, heat treatment per-
formed at a temperature of not less than 1000° C. for a
moment of not longer than one second is preferred. On the
other hand, since the stress application film 10 in each of the
1/0O MIS formation region 2A and the memory cell region 3A
has a small thickness, a large stress is not applied to the
MISFET (HT) and the memory cell MC. The thickness of the
stress application film 10 in each of the I/O MIS formation
region 2A and the memory cell region 3A is preferably
adjusted to be not more than 25 nm.

Thereafter, as has been described with reference to FIGS.
58 to 61, the stress application film 10 after the heat treatment
is removed, and the stopper film 9 is further removed. Then,
using a salicide technique, the metal silicide layers (metal
silicide films) SIL are formed.

Thus, according to the present embodiment, over the MIS-
FET (LT), the MISFET (HT), and the memory cell MC, the
stress application film 10 is formed and subjected to the heat
treatment. However, since the thickness of the stress applica-
tion film 10 in each of the /O MIS formation region 2A and
the memory cell region 3A is reduced, it is possible to reduce
the influence of the H (hydrogen) in the silicon nitride film
used as the stress application film. Therefore, it is possible to
reduce the degree of degradation of the characteristics of the
MISFET HT and the memory cell MC due to the H (hydro-
gen) in the silicon nitride film described above.

Also, in the present embodiment, the thin stress application
film 10 remains in each of the I/O MIS formation region 2A
and the memory cell region 3A so thatno thickness difference
is produced between the stopper film 9 in the /O MIS forma-
tion region 2A, the stopper film 9 in the memory cell region
3A, and the stopper film 9 in the core MIS formation region
1A.

That is, in FIG. 59, the thickness of the stopper film 9 in
each ofthe /O MIS formation region 2A and the memory cell
region 3A is smaller than the thickness of the stopper film 9 in
the core MIS formation region 1A. In such a case, depending
on the thickness of the remaining stopper film 9 and a thick-
ness difference therein, it becomes difficult to control the
etching.

That is, when the etching is performed based on a thicker
film portion, a thinner film portion is brought into an over-
etched state. For example, an end portion of the silicon oxide
film SO forming the side wall insulating films SW and the
portions enclosed in the circles in FIG. 65 are etched unde-
sirably. If the metal silicide layers SIL. grow in such portions,
an increase in leakage current or the degradation of a break-
down voltage may occur. FIG. 65 is a main-portion cross-
sectional view for illustrating the effect of the manufacturing
process of the semiconductor device in the application
example of the present embodiment.

On the other hand, when the etching is performed based on
the thinner film portion, the residues of the stopper film 9 may
be left in the thicker film portion. Over such residues, the
metal silicide layers SIL do not sufficiently grow to result in
a problem.
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By contrast, according to the present embodiment, by pre-
venting a thickness difference in the stopper film 9, it is
possible to avoid the growth of the metal silicide layers SIL in
the foregoing portions where it is undesired as well as no
growth of the metal silicide layers SIL due to the residues of
the stopper film 9. As a result, even when, e.g., the silicon
oxide film is formed of a thin film having a thickness of about
5 nm, a thickness difference in the stopper film 9 can be
prevented to allow the excellent metal silicide layers SIL to be
formed.

Note that, in the present embodiment also, as the memory
cell, an FG memory cell may also be used. That is, in the
semiconductor device having the MISFET (LT), the MISFET
(HT), and the FG memory cell, by removing the stress appli-
cation film 10 in the memory cell region or the like therefrom
and selectively applying the SMT as in the present embodi-
ment, it is possible to generally improve the characteristics of
the semiconductor device.

In addition, in the semiconductor device having the MIS-
FET (LT), the MISFET (HT), and the FG memory cell, the
portion of the stress application film in the memory cell
region or the like which corresponds to a predetermined
thickness is removed from the surface thereof so as to reduce
the thickness of the stress application film in the memory cell
region or the like as in the application example of the present
embodiment. Accordingly, it is possible to reduce the degree
of'degradation of the characteristics of the memory cell due to
the (hydrogen) in the silicon nitride film used as the stress
application film. It is also possible to prevent a thickness
difference in the stopper film 9 and form excellent metal
silicide layers.

(Embodiment 4)

Referring to the drawings, a description will be given of a
structure of a semiconductor device (semiconductor storage
device) in the present embodiment. FIGS. 66 to 72 are main-
portion cross-sectional views showing the manufacturing
process of the semiconductor device in the present embodi-
ment. The structure of the semiconductor device in the
present embodiment will be described with reference to FIG.
72 whichis the final process view of the drawings showing the
manufacturing process of the semiconductor device in the
present embodiment.

(Description of Structure)

As shown in FIG. 72, the semiconductor device in the
present embodiment has the MISFET (LT), the MISFET
(HT), and the memory cell MC in the same manner as in
Embodiment 3.

The main configuration of the MISFET (LT), the MISFET
(HT), and the memory cell MC is the same as in the case of
Embodiment 3.

Here, in the present embodiment (FIG. 72), to the channel
region of each of the MISFET (LT) and the MISFET (HT), a
stress is applied using the SMT while, to the channel region of
the memory cell MC, no stress is applied.

As described above, the SMT is a technique which applies
astress from the upper portion and side surface portions of the
gate electrode of a MISFET to the channel region thereof to
cause the crystal in the channel region to strain and thus
improve the mobility of carriers in the channel region.

As aresult, in the present embodiment (FIG. 72), the crys-
tal spacing in the channel region of each of the MISFET (LT)
and the MISFET (HT) has been changed by the SMT. On the
other hand, since the SMT is not applied to the memory cell
MC, there is no change due to the SMT in the crystal spacing
in the channel region of the memory cell MC. Thus, in the
semiconductor device of the present embodiment, the SMT is
not applied to each of the elements, but is selectively applied
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to be able to generally improve the characteristics of the
semiconductor device. A detailed description will be further
given in the following “Description of Manufacturing
Method” section.

—Description of Manufacturing Method—

Next, referring to FIGS. 66 to 72, a method of manufac-
turing the semiconductor device in the present embodiment
will be described.

<Process of Forming MISFET (LT), MISFET (HT), and
Memory Cell MC>

As has been described with reference to FIGS. 45 to 53 in
Embodiment 3, the MISFET (LT) is formed in the core MIS
formation region 1A, the MISFET (HT) is formed in the [/O
MIS formation region 2A, and the memory cell MC is formed
in the memory cell region 3A (FIG. 53).

<SMT and Silicide Process>

Next, as shown in FIG. 66, over the semiconductor sub-
strate 1 including the MISFET (LT), the MISFET (HT), and
the memory cell MC, a silicon oxide film is formed as the
stopper film 9 to a thickness of about 13 nm using a CVD
method. For example, the silicon oxide film is formed by a
CVD method using, e.g., TEOS (Tetraethoxysilane) and
ozone (O;) as raw material gases. The stopper film 9 functions
as the etching stopper in the etching of the stress application
film 10 described later. The stopper film 9 can prevent undes-
ired etching of each of the patterns (such as, e.g., portions
each made of the silicon film) forming the MISFET (LT), the
MISFET (HT), and the memory cell MC.

Then, over the stopper film 9, a silicon nitride film is
formed as the stress application film 10 to a thickness of about
20 nm using a CVD method. For example, the silicon nitride
film is formed by a CVD method using HCD (Hexachloro-
disilane) and NH, (ammonia) as raw material gases.

Next, the stress application film 10 in the memory cell
region 3A is removed therefrom. First, as shown in FIG. 67,
over the stress application film 10 in the core MIS formation
region 1A and the [/O MIS formation region 2A, a photoresist
film PR7 is formed using a photolithographic method. Then,
as shown in FIG. 68, using the photoresist film PR7 as a mask,
the stress application film 10 is etched. Here, the silicon
nitride film forming the stress application film 10 is dry-
etched. For example, using CH, as an etching gas, isotropic
dry etching is performed. As a result, the core MIS formation
region 1A and the [/O MIS formation region 2A are covered
with the stress application film 10. In other words, the MIS-
FET (LT) and the MISFET (HT) are covered with the stress
application film 10. On, the other hand, the stopper film 9 in
the memory cell region 3A is exposed.

Here, the foregoing etching is performed under such a
condition that the etching selectivity is high, i.e., the ratio of
the etching speed of the stress application film 10 to the
etching speed of the stopper film 9 is high, but the stopper film
9 is also etched slightly. Accordingly, the thickness of the
stopper film 9 in the memory cell region 3A becomes smaller
than the thickness of the stopper film 9 remaining under the
stress application film 10 in each of the core MIS formation
region 1A and the I/O MIS formation region 2A (FIG. 68).
Note that, when the thickness of the stopper film 9 in the I/O
MIS formation region 2A is T92, the thickness of the stopper
film 9 in the memory cell region 3A is T93, and the thickness
of the stopper film 9 in the core MIS formation region 1A is
T91, a relationship given by T93<T92~T91 is established.

Then, as shown in FIG. 69, after the photoresist film PR7 is
removed by ashing treatment or the like, heat treatment (re-
ferred to also as anneal) is performed. For example, as first
treatment, momentary anneal (referred to also as spike RTA)
is performed at about 1000° C. for a moment of not longer
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than one second. Then, as second treatment, laser anneal at
about 1200° C. is performed. This causes a stress in the stress
application film 10. The stress application film after the heat
treatment, i.e., in a state where the stress is applied thereto is
denoted by “10S”. By the stress application film 10S, the
stress is applied to each of the MISFET (LT) in the core MIS
formation region 1A and the MISFET (HT) in the [/O MIS
formation region 2A. On the other hand, the stress application
film 10 has been removed from the memory cell region 3A so
that no stress is applied to the memory cell MC.

It may also be possible to activate the impurity introduced
into the source region MS (n™-type semiconductor region 7a
and n*-type semiconductor region 8a), the drain region MD
(n~-type semiconductor region 76 and n*-type semiconductor
region 8b), and the source/drain regions (7 and 8) using the
heat treatment and omit the previous heat treatment (activa-
tion treatment). It may also be possible to crystallize the
silicon films 4 and 6 each made of the amorphous silicon film
by the heat treatment (crystallization treatment).

Next, as shown in FIG. 70, the stress application film 10S
in the core MIS formation region 1A and the I/O MIS forma-
tion region 2A is removed therefrom. Here, the silicon nitride
film forming the stress application film 10S is wet-etched
under such a condition that the etching selectivity is high, i.e.,
the ratio of the etching speed of the stress application film 10
to the etching speed of the stopper film 9 is high. For example,
using a phosphoric acid (H,PO,) solution as an etchant, the
wet etching is performed at 155° C. for 600 seconds. As a
result, the stopper film 9 in each of the core MIS formation
region 1A, the /O MIS formation region 2A, and the memory
cell region 3A is exposed.

Next, as shown in FIG. 71, the foregoing stopper film 9 is
9 removed. Here, the silicon oxide film forming the stopper
film is wet-etched under such a condition that the etching
selectivity is high, i.e., the ratio of the etching speed of the
stopper film 9 to the etching speed of the semiconductor
substrate 1 is high. For example, using a HF solution as an
etchant, the wet etching is performed at 25° C. for 100 sec-
onds.

Next, as shown in FIG. 72, using a salicide technique, in the
respective upper portions of the memory gate electrodes MG,
the n*-type semiconductor region 8a, and the n*-type semi-
conductor region 85 in the memory cell region 3A, the metal
silicide layers (metal silicide films) SIL are formed. On the
other hand, in the core MIS formation region 1A and the [/O
MIS formation region 2A, in the respective upper portions of
the gate electrodes GE and the n*-type semiconductor regions
8, the metal silicide layers SIL are formed.

The metal silicide layers SIL can reduce diffusion resis-
tance, contact resistance, and the like. The metal silicide
layers SIL can be formed in the same manner as in the case of
Embodiment 3.

Thereafter, over the entire main surface of the semiconduc-
tor substrate 1, an interlayer insulating film (not shown) is
formed, though the illustration thereof'is omitted. Then, in the
interlayer insulating film, contact holes (not shown) which
expose, e.g., the surfaces of the n*-type semiconductor
regions 8, 8a, and 86 are formed. By embedding a conductive
film in the contact holes, plugs (not shown) are formed. Then,
over the interlayer insulating film in which the plugs are
embedded, wires (not shown) are formed.

Thus, in the present embodiment also, the SMT is not
applied to the memory cell MC to which the eftect of the SMT
is poor, and the stress application film (silicon nitride film) 10
over the memory cell MCis removed therefrom. Therefore, as
described in detail in Embodiment 3, it is possible to avoid the
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degradation of the characteristics of the memory cell MC due
to the H (hydrogen) in the silicon nitride film (see FIG. 39).

It will be appreciated that, for the MISFET (LT), an
improvement in channel current can be achieved using the
SMT.

To the MISFET (HT), the effect of the SMT is poor so that
the HC deteriorates therein due to the H (hydrogen) in the
silicon nitride film (see FIG. 62). However, the degree of the
deterioration is not so high as in the memory cell MC and is
about 10% of the HC deterioration in the memory cell.
Accordingly, even when the stress application film (silicon
nitride film) 10 is left over the MISFET (HT), the influence of
the HC deterioration is small. Therefore, in the present
embodiment also, it is possible to generally improve the char-
acteristics of the semiconductor device.

By thus selectively applying the SMT, it is possible to
generally improve the characteristics of the semiconductor
device.

(Description of Application Example)

In the foregoing process, the stress application film 10 in
the memory cell region 3A is entirely removed therefrom to
expose the stopper film 9 in the region (see FIGS. 67 and 68).
However, it may also be possible to remove the portion of the
stress application film 10 in the memory cell region 3A which
corresponds to a predetermined thickness from the surface
thereof so as to reduce the thickness of the stress application
film 10 in the memory cell region 3A.

FIGS. 73 and 74 are main-portion cross-sectional views
showing the manufacturing process of the semiconductor
device in an application example of the present embodiment.

<Process of Forming MISFET (LT), MISFET (HT), and
Memory Cell MC)>

As has been described with reference, to FIGS. 45 to 53 in
Embodiment 3, the MISFET (LT) is formed in the core MIS
formation region 1A, the MISFET (HT) is formed in the [/O
MIS formation region 2A, and the memory cell MC is formed
in the memory cell region 3A (FIG. 53).

<SMT and Silicide Process>

Next, as shown in FIG. 73, over the semiconductor sub-
strate 1 including the MISFET (LT), the MISFET (HT), and
the memory cell MC, a silicon oxide film is formed as the
stopper film 9 to a thickness of about 5 nm using a CVD
method. Then, over the stopper film 9, a silicon nitride film is
formed as the stress application film 10 to a thickness of about
35 nm using a CVD method.

Next, over the stress application film 10 in the core MIS
formation region 1A and the I/O MIS formation region 2A, a
photoresist film PR8 is formed using a photolithographic
method. Then, using the photoresist film PR8 as a mask, the
portion of the stress application film 10 corresponding to the
predetermined thickness is etched from the surface thereof.
Here, from the surface of the silicon nitride film forming the
stress application film 10, the portion thereof corresponding
to a thickness of about 25 nm is anisotropically or isotropi-
cally dry-etched. In other words, the dry etching is performed
until the thickness of the silicon nitride film becomes about 10
nm. For example, using CF,, as an etching gas, the dry etching
is performed. As a result, the thickness of the stress applica-
tion film 10 in the memory cell region 3A becomes smaller
than the thickness of the stress application film 10 in each of
the core MIS formation region 1A and the [/O MIS formation
region 2A (FIG. 73). Note that, when the thickness of the
stress application film 10 in the I/O MIS formation region 2A
is T102, the thickness of the stress application film 10 in the
memory cell region 3A is T103, and the thickness ofthe stress
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application film 10 in the core MIS formation region 1A is
T101, a relationship given by T103<T102~T101 is estab-
lished.

Then, as shown in FIG. 74, the photoresist film PRS is
removed by ashing treatment or the like. Thereafter, heat
treatment is performed. For example, as first treatment,
momentary anneal (referred to also as spike RTA) is per-
formed at about 1000° C. for a moment of not longer than one
second. Then, as second treatment, laser anneal at about
1200° C. is performed. This causes a stress in the stress
application film 10. By the stress application film 10, the
stress is applied to the MISFET (LT) in the core MIS forma-
tion region 1A. Here, as the heat treatment for applying the
stress to the stress application film 10, heat treatment per-
formed at a temperature of not less than 1000° C. for a
moment of not longer than one second is preferred. On the
other hand, since the stress application film 10 in the memory
cell region 3A has a small thickness, a large stress is not
applied to the memory cell MC. The thickness of the stress
application film 10 in the memory cell region 3A is preferably
adjusted to be not more than 20 nm.

Thereafter, as has been described with reference to FIGS.
69 to 72, the stress application film 10 after the heat treatment
is removed, and the stopper film 9 is, further removed. Then,
using a salicide technique, the metal silicide layers (metal
silicide films) SIL are formed.

Thus, according to the present embodiment, over the MIS-
FET (LT), the MISFET (HT), and the memory cell MC, the
stress application film 10 is formed and subjected to the heat
treatment. However, since the thickness of the stress applica-
tion film 10 in the memory cell region 3A is reduced, it is
possible to reduce the influence of the H (hydrogen) in the
silicon nitride film used as the stress application film. There-
fore, it is possible to reduce the degree of degradation of the
characteristics of the memory cell MC due to the H (hydro-
gen) in the silicon nitride film described above.

Also, in the present embodiment, the thin stress application
film 10 remains in the memory cell region 3A so that no
thickness difference is produced between the stopper film 9 in
the memory cell region 3A and the stopper film 9 in each of
the core MIS formation region 1A and the I/O MIS formation
region 2A.

Therefore, as has been described in detail in the application
example of Embodiment 3, it is possible to avoid the growth
of the metal silicide layers SIL in the foregoing portions
where it is undesired as well as no growth of the metal silicide
layers SIL due to the residues of the stopper film 9. As a result,
even when the silicon oxide film is formed of a thin film
having a thickness of, e.g., about 5 nm, a thickness difference
in the stopper film 9 can be prevented to allow the excellent
metal silicide layers SIL to be formed.

As described above, to the MISFET (HT), the effect of the
SMT is poor so that the HC deteriorates therein due to the H
(hydrogen) in the silicon nitride film (see FIG. 62). However,
the degree of the deterioration is not so high as in the memory
cell MC so that the influence thereof is small.

Note that, in the present embodiment also, as the memory
cell, an FG memory cell may also be used. That is, in the
semiconductor device having the MISFET (LT), the MISFET
(HT), and the FG memory cell, by removing the stress appli-
cation film 10 in the memory cell region or the like therefrom
and selectively applying the SMT as in the present embodi-
ment, it is possible to generally improve the characteristics of
the semiconductor device.

In addition, in the semiconductor device having the MIS-
FET (LT), the MISFET (HT), and the FG memory cell, the
portion of the stress application film in the memory cell
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region or the like which corresponds to a predetermined
thickness is removed from the surface thereof so as to reduce
the thickness of the stress application film in the memory cell
region or the like as in the application example of the present
embodiment. Accordingly, it is possible to reduce the degree
of'degradation of the characteristics of the memory cell due to
the H (hydrogen) in the silicon nitride film used as the stress
application film. It is also possible to prevent a thickness
difference in the stopper film 9 and form excellent metal
silicide layers.

(Embodiment 5)

In Embodiment 4 described above, using the photoresist
film PR7 as a mask, the stress application film 10 is isotropi-
cally dry-etched (see FIG. 68). However, the stress applica-
tion film 10 may also be etched using a hard mask made of'a
silicon oxide film or the like as a mask.

FIGS. 75 to 83 are main-portion cross-sectional views
showing the manufacturing process of the semiconductor
device in the present embodiment. The structure of the semi-
conductor device in the present embodiment is the same as in
the case of Embodiment 4.

Next, referring to FIGS. 75 to 83, a method of manufac-
turing the semiconductor device in the present embodiment
will be described.

<Process of Forming MISFET (LT), MISFET (HT), and
Memory Cell MC>

As has been described with reference to FIGS. 45 to 53 in
Embodiment 3, the MISFET (LT) is formed in the core MIS
formation region 1A, the MISFET (HT) is formed in the [/O
MIS formation region 2A, and the memory cell MC is formed
in the memory cell region 3A (FIG. 53).

<SMT and Silicide Process>

Next, as shown in FIG. 75, over the semiconductor sub-
strate 1 including the MISFET (LT), the MISFET (HT), and
the memory cell MC, a silicon oxide film is formed as the
stopper film 9 to a thickness of about 5 nm using a CVD
method. For example, the silicon oxide film is formed by a
CVD method using, e.g., TEOS (Tetraethoxysilane) and
ozone (O;) as raw material gases. The stopper film 9 functions
as the etching stopper in the etching of the stress application
film 10 described later. The stopper film 9 can prevent undes-
ired etching of each of the patterns (such as, e.g., portions
each made of the silicon film) forming the MISFET (LT), the
MISFET (HT), and the memory cell MC.

Then, over the stopper film 9, a silicon nitride film is
formed as the stress application film 10 to a thickness of about
20 nm using a CVD method. For example, the silicon nitride
film is formed by a CVD method using HCD (Hexachloro-
disilane) and NH, (ammonia) as raw material gases.

Next, over the stress application film 10, as a hard mask
(mask film) 11, an insulating film made of the same material
as that of the stopper film 9 is formed. Here, the silicon oxide
film is formed using a CVD method using e.g., TEOS (Tet-
raethoxysilane) and ozone (O;) as raw material gases.

Next, as shown in FIG. 76, over the stress application film
10 in the core MIS formation region 1A and the I/O MIS
formation region 2A, a photoresist film PR9 is formed using
a photolithographic method.

Then, as shown in FIG. 76, using the photoresist film PR9
as a mask, the hard mask 11 is etched. Here, the silicon oxide
film forming the hard mask 11 is dry-etched. For example,
using CH,, as an etching gas, isotropic dry etching is per-
formed. As a result, the core MIS formationregion 1A and the
1/0O MIS formation region 2A are covered with the hard mask
11. Here, the foregoing etching is performed under such a
condition that the etching selectivity is high, i.e., the ratio of
the etching speed of the hard mask 11 to the etching speed of

10

20

35

40

45

46

the stress application film 10 is high. Then, as shown in FIG.
77, the photoresist film PR9 is removed by ashing treatment
or the like.

Next, as shown in FIG. 78, using the hard mask 11 as a
mask, the stress application film 10 is etched. Here, the silicon
nitride film forming the stress application film 10 is wet-
etched. For example, using a phosphoric acid (H,PO,) solu-
tion as an etchant, the wet etching is performed. As a result,
the core MIS formation region 1A and the I/O MIS formation
region 2A are covered with the stress application film 10. On
the other hand, the stopper film 9 in the memory cell region
3A is exposed.

Then, heat treatment (referred to also as anneal) is per-
formed. For example, as first treatment, momentary anneal
(referred to also as spike RTA) is performed at about 1000° C.
for a moment of not longer than one second. Then, as second
treatment, laser anneal at about 1200° C. is performed. This
causes a stress in the stress application film 10. The stress
application film after the heat treatment, i.e., in a state where
the stress is applied thereto is denoted by “10S”. By the stress
application film 10S, the stress is applied to each of the
MISFET (LT) in the core MIS formation region 1A and the
MISFET (HT) in the I/O MIS formation region 2A. On the
other hand, the stress application film 10 has been removed
from the memory cell region 3 A so that no stress is applied to
the memory cell MC.

It may also be possible to activate the impurity introduced
into the source region MS (n™-type semiconductor region 7a
and n*-type semiconductor region 8a), the drain region MD
(n~-type semiconductor region 76 and n*-type semiconductor
region 8b), and the source/drain regions (7 and 8) using the
heat treatment and omit the previous heat treatment (activa-
tion treatment). It may also be possible to crystallize the
silicon films 4 and 6 each made of the amorphous silicon film
by the heat treatment (crystallization treatment).

Next, as shown in FIG. 79, over the stopper film 9 in the
memory cell region 3A, a photoresist film PR10 is formed
using a photolithographic method. Then, using the photore-
sist film PR10 as a mask, the hard mask 11 is etched. Here, the
silicon oxide film forming the hard mask 11 is wet-etched.
For example, using HF as an etchant, the wet etching is
performed. Then, as shown in FIG. 80, the photoresist film
PR10 is removed by ashing treatment or the like.

Next, as shown in FIG. 81, the stress application film 10S
in each of the core MIS formation region 1A and the [/O MIS
formation region 2A is removed therefrom. Here, the silicon
nitride film forming the stress application film 10S is wet-
etched under such a condition that the etching selectivity is
high, i.e., the ratio of the etching speed of the stress applica-
tion film 108 to the etching speed of the stopper film 9 is high.
For example, using a phosphoric acid (H;PO,) solution as an
etchant, the wet etching is performed at 155° C. for 600
seconds. As a result, the stopper film 9 in each of the core MIS
formation region 1A, the /O MIS formation region 2A, and
the memory cell region 3A is exposed.

Next, as shown in FIG. 82, the foregoing stopper film 9 is
removed. Here, the silicon oxide film forming the stopper film
9 is wet-etched under such a condition that the etching selec-
tivity is high, i.e., the ratio of the etching speed of the stopper
film 9 to the etching speed of the semiconductor substrate 1 is
high. For example, using a HF solution as an etchant, the wet
etching is performed at 25° C. for 100 seconds.

Next, as shown in FIG. 83, using a salicide technique, in the
respective upper portions of the memory gate electrodes MG,
the n*-type semiconductor region 8a, and the n*-type semi-
conductor region 85 in the memory cell region 3A, the metal
silicide layers (metal silicide films) SIL are formed. On the
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other hand, in the core MIS formation region 1A and the [/O
MIS formation region 2A, in the respective upper portions of
the gate electrodes GE and the n*-type semiconductor regions
8, the metal silicide layers SIL are formed.

The metal silicide layers SIL can reduce diffusion resis-
tance, contact resistance, and the like. The metal silicide
layers SIL can be formed in the same manner as in the case of
Embodiment 3.

Thereafter, over the entire main surface of the semiconduc-
tor substrate 1, an interlayer insulating film (not shown) is
formed, though the illustration thereof'is omitted. Then, in the
interlayer insulating film, contact holes (not shown) which
expose, e.g., the surfaces of the n*-type semiconductor
regions 8, 8a, and 86 are formed. By embedding a conductive
film in the contact holes, plugs (not shown) are formed. Then,
over the interlayer insulating film in which the plugs are
embedded, wires (not shown) are formed.

Thus, according to the present embodiment, since the
stress application film 10 is wet-etched using the hard mask
11 as a mask, the stress application film 10 in a corner portion
is more easily removed than in the case of using dry etching.
Therefore, in addition to the effect described in Embodiment
4, the effect of reducing the residues of the stress application
film 10 can be obtained.

(Embodiment 6)

In Embodiments 4 and 5 described above, when the stress
application film 10 in the memory cell region 3A is removed
therefrom, a thickness difference may be produced between
the stopper film 9 in the memory cell region 3A and the
stopper film 9 in each of the core MIS formation region 1A
and the I/O MIS formation region 2A (see FIGS. 68 and 78).
The film thickness difference may also be improved using a
film thickness adjustment film.

First Example

FIGS. 84 to 86 are main-portion cross-sectional views
showing the manufacturing process of a semiconductor
device in a first example of the present embodiment. A struc-
ture of the semiconductor device in the present embodiment is
the same as in the case of Embodiment 4. Also, the manufac-
turing process up to the step in FIG. 69 is the same as in
Embodiment 4. However, as the stopper film 9, a silicon oxide
film having a thickness of about 5 nm is formed.

In Embodiment 4 described above, as shown in FIG. 69, the
thickness of the stopper film 9 in the memory cell region 3A
becomes smaller than the thickness of the stopper film 9 in
each of the core MIS formation region 1A and the [/O MIS
formation region 2A. When the thickness of the stopper film
9 in the [/O MIS formation region 2A is T92, the thickness of
the stopper film 9 in the memory cell region 3A is T93, and the
thickness of the stopper film 9 in the core MIS formation
region 1A is T91, a relationship given by T93<T92~T91 is
established.

Accordingly, as shown in FIG. 84, over the semiconductor
substrate 1 including the MISFET (LT), the MISFET (HT),
and the memory cell MC, a film made of the same material as
that of the stopper film 9 is formed as a film thickness adjust-
ment film 12. Here, a silicon oxide film (insulating film) is
formed to athickness of about 5 nm using a CVD method. The
silicon oxide film is formed by a CVD method using, e.g.,
TEOS (Tetraethoxysilane) and ozone (O;) as raw material
gases.

Next, as shown in FIG. 85, over the film thickness adjust-
ment film 12 in the memory cell region 3A, a photoresist film
PR11 is formed using a photolithographic method.
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Next, using the photoresist film PR11 as a mask, the film
thickness adjustment film 12 is etched. Here, the silicon oxide
film forming the film thickness adjustment film 12 is dry-
etched. Then, the photoresist film PR11 is removed by ashing
treatment or the like, and the stress application film 10S is
further removed. Thus, as shown in FIG. 86, in the memory
cell region 3 A, a laminated film of the stopper film 9 and the
film thickness adjustment film 12 is formed while, in each of
the core MIS formation region 1A and the I/O MIS formation
region 2A, the stopper film 9 is exposed.

Note that, here, the thickness of the film thickness adjust-
ment film 12 is adjusted to be about 5 nm, but the thickness of
the film thickness adjustment film 12 can be adjusted appro-
priately based on the difference between T92 and T91.

Next, in the same manner as in Embodiment 4, the film
thickness adjustment film 12 and the stopper film 9 are
removed. Here, according to the present embodiment, the
thickness difference between the silicon oxide film over each
of the MISFET (LT) and the MISFET (HT) and the silicon
oxide films (film thickness adjustment film 12 and stopper
film 9) over the memory cell MC has been improved by the
film thickness adjustment film 12 so that the etching is easily
controlled. For example, it is possible to avoid a problem due
to the film thickness difference such as, e.g., the growth of the
metal silicide layers SIL in portions where it is undesired or
no growth of the metal silicide layers SIL due to the residues
of the stopper film 9 that has been described in detail in the
application example of Embodiment 3.

Thereafter, in the same manner as in Embodiment 4, using
a salicide technique, the metal silicide layers (metal silicide
films) SIL are formed.

Thus, according to the present embodiment, in addition to
the effect described in Embodiment 4, the effect of avoiding
the problem due to the film thickness difference in the stopper
film 9 can be obtained.

Second Example

FIGS. 87 to 89 are main-portion cross-sectional views
showing the manufacturing process of a semiconductor
device in a second example of the present embodiment. A
structure of the semiconductor device in the present embodi-
ment is the same as in the case of Embodiment 5. Also, the
manufacturing process up to the step in FIG. 78 is the same as
in Embodiment 5.

In Embodiment 5 described above, as shown in FIG. 78, the
thickness of the stopper film 9 in the memory cell region 3A
becomes smaller than the thickness of the stopper film 9 in
each of the core MIS formation region 1A and the [/O MIS
formation region 2A. When the thickness of the stopper film
9 in the /O MIS formation region 2A is T92, the thickness of
the stopper film 9 in the memory cell region 3A is T93, and the
thickness of the stopper film 9 in the core MIS formation
region 1A is T91, a relationship given by T93<T92=~T91 is
established.

Accordingly, as shown in FIG. 87, over the semiconductor
substrate 1 including the MISFET (LT), the MISFET (HT),
and the memory cell MC, a film made of the same material as
that of the stopper film 9 is formed as the film thickness
adjustment film 12. Here, a silicon oxide film (insulating film)
is formed to a thickness of about 5 nm using a CVD method.
Thessilicon oxide film is formed by a CVD method using, e.g.,
TEOS (Tetraethoxysilane) and ozone (O;) as raw material
gases.

Next, as shown in FIG. 88, over the film thickness adjust-
ment film 12 in the memory cell region 3A, a photoresist film
PR12 is formed using a photolithographic method.
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Next, using the photoresist film PR12 as a mask, the film
thickness adjustment film 12 and the hard mask 11 are etched.
Here, the silicon oxide films forming the film thickness
adjustment film 12 and the hard mask 11 are dry-etched.
Then, the photoresist film PR12 is removed by ashing treat-
ment or the like, and the stress application film 10S is further
removed. Thus, as shown in FIG. 89, in the memory cell
region 3A, a laminated film of the stopper film 9 and the film
thickness adjustment film 12 is formed while, in each of the
core MIS formation region 1A and the I/O MIS formation
region 2A, the stopper film 9 is exposed.

Note that, here, the thickness of the film thickness adjust-
ment film 12 is adjusted to be about 5 nm, but the thickness of
the film thickness adjustment film 12 can be adjusted appro-
priately based on the difference between T92 and T91.

Next, in the same manner as in Embodiment 5, the film
thickness adjustment film 12 and the stopper film 9 are
removed. Here, according to the present embodiment, the
thickness difference between the silicon oxide film over each
of the MISFET (LT) and the MISFET (HT) and the silicon
oxide films (film thickness adjustment film 12 and stopper
film 9) over the memory cell MC has been improved by the
film thickness adjustment film 12 so that the etching is easily
controlled. For example, it is possible to avoid the problem
due to the film thickness difference such as, e.g., the growth of
the metal silicide layers SIL in portions where it is undesired
or no growth of the metal silicide layers SIL due to the
residues of the stopper film 9 that has been described in detail
in the application example of Embodiment 3.

Thereafter, in the same manner as in Embodiment 5, using
a salicide technique, the metal silicide layers (metal silicide
films) SIL are formed.

Thus, according to the present embodiment, in addition to
the effect described in Embodiment 5, the effect of avoiding
the problem due to the film thickness difference in the stopper
film 9 can be obtained.

Note that the step of improving the thickness difference in
the stopper film 9 using the film thickness adjustment film 12
that has been described in the present embodiment is also
applicable to Embodiments 1 to 3.

For example, the film thickness adjustment film 12 may
also be formed prior to the step of removing the stress appli-
cation film 108 (see FIG. 11) in Embodiment 1. Alternatively,
the film thickness adjustment film 12 may also be formed
prior to the step of removing the stress application film 10S
(see FIG. 34) in Embodiment 2. Otherwise, the film thickness
adjustment film 12 may also be formed prior to the step of
removing the stress application film 10S (see FIG. 58) in
Embodiment 3.

(Embodiment 7)

In each of Embodiments 4 and 5 described above, when the
stress application film 10 in the memory cell region 3A is
removed therefrom, a thickness difference may be produced
between the stopper film 9 in the memory cell region 3A and
the stopper film 9 in each of the core MIS formation region 1A
and the I/O MIS formation region 2A (see FIGS. 68 and 78).
In consideration of the thickness difference, the film thick-
ness of the stopper film 9 may also be adjusted in advance.

First Example

FIGS. 90 to 95 are main-portion cross-sectional views
showing the manufacturing process of a semiconductor
device in a first example of the present embodiment.

First, in the same manner as in Embodiment 4, the MISFET
(LT) is formed in the core MIS formation region 1A, the
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MISFET (HT) is formed in the I/O MIS formation region 2A,
and the memory cell MC is formed in the memory cell region
3A (see FIG. 90).

Next, as shown in FIG. 90, over the semiconductor sub-
strate 1 including the MISFET (LT), the MISFET (HT), and
the memory cell MC, a silicon oxide film is formed as the
stopper film 9 to a thickness of about 13 nm using a CVD
method.

Next, over the stopper film 9 in the memory cell region 3 A,
a photoresist film PR13 is formed using a photolithographic
method.

Next, as shown in FIG. 91, using the photoresist film PR13
as a mask, the portion of the stopper film 9 corresponding to
the predetermined thickness is etched from the surface
thereof. Here, from the surface of the silicon oxide film form-
ing the stopper film 9, the portion thereof corresponding to a
thickness of about 5 nm is anisotropically or isotropically
dry-etched. For example, using CF, as an etching gas, the dry
etching is performed. Then, the photoresist film PR13 is
removed by ashing treatment or the like.

Then, as shown in FIG. 92, over the stopper film 9, a silicon
nitride film is formed as the stress application film 10 to a
thickness of about 20 nm using a CVD method. For example,
the silicon nitride film is formed by a CVD method using
HCD (Hexachlorodisilane) and NH; (ammonia) as raw mate-
rial gases.

Next, the stress application film 10 in the memory cell
region 3A is removed therefrom. First, as shown in FIG. 93,
over the stress application film 10 in the core MIS formation
region 1A and the [/O MIS formation region 2A, a photoresist
film PR14 is formed using a photolithographic method. Then,
using the photoresist film PR14 as a mask, the stress applica-
tion film 10 is etched. Here, the silicon nitride film forming
the stress application film 10 is dry-etched. For example,
using CH, as an etching gas, isotropic dry etching is per-
formed. As a result, the core MIS formation region 1A and the
/O MIS formation region 2A are covered with the stress
application film 10. In other words, the MISFET (LT) and the
MISFET (HT) are covered with the stress application film 10.
On the other hand, the stopper film 9 in the memory cell
region 3A is exposed.

Here, the foregoing etching is performed under such a
condition that the etching selectivity is high, i.e., the ratio of
the etching speed of the stress application film 10 to the
etching speed of the stopper film 9 is high, but the stopper film
9 is also etched slightly (by a thickness of, e.g., about 5 nm).

However, in the present embodiment, the portion of the
stopper film 9 in each of the core MIS formation region 1A
and the /O MIS formation region 2A which corresponds to
about 5 nm has been etched in advance from the surface
thereof. Consequently, after the step of removing the stress
application film 10 from the foregoing memory cell region
3 A, the thickness difference in the stopper film 9 is improved.
In other words, compared to the case of Embodiment 4 (FIG.
68), the thickness difference in the stopper film 9 has been
reduced. For example, when the thickness of the stopper film
9 in the /O MIS formation region 2A is T92, the thickness of
the stopper film 9 in the memory cell region 3A is T93, and the
thickness of the stopper film 9 in the core MIS formation
region 1A is T 91, the relation given by T93~T92~T91 is
established.

Then, as shown in FIG. 94, after the photoresist film PR14
is removed by ashing treatment or the like, heat treatment
(referred to also as anneal) is performed. For example, as first
treatment, momentary anneal (referred to also as spike RTA)
is performed at about 1000° C. for a moment of not longer
than one second. Then, as second treatment, laser anneal at



US 9,263,291 B2

51

about 1200° C. is performed. This causes a stress in the stress
application film 10. The stress application film after the heat
treatment, i.e., in a state where the stress is applied thereto is
denoted by “10S”. By the stress application film 10S, the
stress is applied to each of the MISFET (LT) in the core MIS
formation region 1A and the MISFET (HT) in the I/O MIS
formation region 12A. On the other hand, the stress applica-
tion film 10 has been removed from the memory cell region
3 A so that no stress is applied to the memory cell MC.

Next, as shown FI1G. 95, the stress application film 10 in the
core MIS formation region 1A and the I/O MIS formation
region 2A is removed therefrom. As a result, the stopper film
9 in each of the core MIS formation region 1A, the I/O MIS
formation region 2A, and the memory cell region 3A is
exposed.

Next, the foregoing stopper film 9 is removed (dry-etched).
For example, using CH, as an etching gas, isotropic dry
etching is performed. Here, according to the present embodi-
ment, the portion of the stopper film 9 in each of the core MIS
formation region 1A and the /O MIS formation region 2A
which corresponds to the predetermined thickness has been
etched in advance from the surface thereof. Accordingly, a
thickness difference in the stopper film 9 remaining after the
step of removing the stress application film 10S is improved
(FIG. 95). As a result, the etching of the stopper film 9 is
controlled easily. For example, it is possible to avoid the
problem due to the film thickness difference such as, e.g., the
growth of the metal silicide layers SIL in portions where it is
undesired or no growth of the metal silicide layers SIL due to
the residues of the stopper film 9 that has been described in
detail in the application example of Embodiment 3.

Then, in the same manner as in Embodiment 4, using a
salicide technique, the metal silicide layers (metal silicide
films) SIL are formed.

Thus, according to the present embodiment, in addition to
the effect described in Embodiment 4, the effect of avoiding
the problem due to the film thickness difference in the stopper
film 9 can be obtained.

Second Example

FIGS. 96 to 102 are main-portion cross-sectional views
showing the manufacturing process of a semiconductor
device in a second example of the present embodiment.

First, in the same manner as in Embodiment 5, the MISFET
(LT) is formed in the core MIS formation region 1A, the
MISFET (HT) is formed in the I/O MIS formation region 2A,
and the memory cell MC is formed in the memory cell region
3A (FIG. 96).

Next, as shown in FIG. 96, over the semiconductor sub-
strate 1 including the MISFET (LT), the MISFET (HT), and
the memory cell MC, a silicon oxide film is formed as the
stopper film 9 using a CVD method in the same manner as in
Embodiment 5. Here, the silicon oxide film having a thick-
ness of about 13 nm is formed.

Next, over the stopper film 9 in the memory cell region 3A,
a photoresist film PR15 is formed using a photolithographic
method.

Next, as shown in FIG. 97, using the photoresist film PR15
as a mask, the portion of the stopper film 9 corresponding to
the predetermined thickness is etched from the surface
thereof. Here, from the surface of the silicon oxide film form-
ing the stopper film 9, the portion thereof corresponding to a
thickness of about 5 nm is anisotropically or isotropically
dry-etched. For example, using CF, as an etching gas, the dry
etching is performed. Then, the photoresist film PR15 is
removed by ashing treatment or the like.
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Then, as shown in FIG. 98, over the stopper film 9, a silicon
nitride film is formed as the stress application film 10 to a
thickness of about 20 nm using a CVD method. For example,
the silicon nitride film is formed by a CVD method using
HCD (Hexachlorodisilane) and NH; (ammonia) as raw mate-
rial gases.

Next, over the stopper film 9, as the hard mask 11, an
insulating film made of the same material as that of the stop-
per film 9 is formed. Here, the silicon oxide film is formed
using a CVD method using e.g., TEOS (Tetraethoxysilane)
and ozone (O;) as raw material gases.

Next, as shown in FIG. 99, over the hard mask 11 in the
core MIS formation region 1A and the /O MIS formation
region 2A, a photoresist film PR16 is formed using a photo-
lithographic method. Then, using the photoresist film PR16
as a mask, the hard mask 11 is etched in the same manner as
in Embodiment 5. Then, the photoresist film PR16 is removed
by ashing treatment or the like.

Next, as shown in FIG. 100, using the hard mask 11 as a
mask, the stress application film 10 is etched. Here, the silicon
nitride film forming the stress application film 10 is wet-
etched. For example, using a phosphoric acid (H;PO,) as an
etchant, the wet etching is performed. As a result, the core
MIS formation region 1A and the I/O MIS formation region
2A are covered with the stress application film 10. On the
other hand, the stopper film 9 in the memory cell region 3A is
exposed.

Then, heat treatment (referred to also as anneal) is per-
formed. For example, as first treatment, momentary anneal
(referred to also as spike RTA) is performed at about 1000° C.
for a moment of not longer than one second. Then, as second
treatment, laser anneal at about 1200° C. is performed. This
causes a stress in the stress application film 10. The stress
application film after the heat treatment, i.e., in a state where
the stress is applied thereto is denoted by “10S”. By the stress
application film 10S, the stress is applied to each of the
MISFET (LT) in the core MIS formation region 1A and the
MISFET (HT) in the I/O MIS formation region 2A. On the
other hand, the stress application film 10 has been removed
from the memory cell region 3 A so that no stress is applied to
the memory cell MC.

Next, as shown in FIG. 101, over the stopper film 9 in the
memory cell region 3A, a photoresist film PR17 is formed
using a photolithographic method. Then, using the photore-
sist film PR17 as a mask, the hard mask 11 is etched. Here, the
silicon oxide film forming the hard mask 11 is wet-etched.
For example, using HF as an etchant, the wet etching is
performed. Then, as shown in FIG. 102, the photoresist film
PR17 is removed by ashing treatment or the like.

Next, the stress application film 10S in each of the core
MIS formation region 1A and the I/O MIS formation region
2A is removed. As a result, the stopper film 9 in each of the
core MIS formation region 1A, the I/O MIS formation region
2A, and the memory cell region 3A is exposed.

Next, the foregoing stopper film 9 is removed (dry-etched).
For example, using CH, as an etching gas, isotropic dry
etching is performed. Here, according to the present embodi-
ment, the portion of the stopper film 9 in each of the core MIS
formation region 1A and the /O MIS formation region 2A
which corresponds to the predetermined thickness has been
etched in advance from the surface thereof. Accordingly, a
thickness difference in the stopper film 9 remaining after the
step of removing the stress application film 108 is improved
(FIG. 102). As a result, the etching of the stopper film 9 is
controlled easily. For example, it is possible to avoid the
problem due to the film thickness difference such as, e.g., the
growth of the metal silicide layers SIL in portions where it is
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undesired or no growth of the metal silicide layers SIL due to
the residues of the stopper film 9 that has been described in
detail in the application example of Embodiment 3.

Next, in the same manner as in Embodiment 5, using a
salicide technique, the metal silicide layers (metal silicide
films) SIL are formed.

Thus, according to the present embodiment, in addition to
the effect described in Embodiment 5, the effect of avoiding
the problem due to the film thickness difference in the stopper
film 9 can be obtained.

Note that the step of improving the thickness difference in
the stopper film 9 by adjusting the thickness of the stopper
film 9 in advance is also applicable to Embodiments 1 to 3.

For example, the thickness of the stopper film 9 may also be
adjusted in advance prior to the step of forming the stress
application film 10 (see FIG. 7) in Embodiment 1. Alterna-
tively, the thickness of the stopper film 9 may also be adjusted
in advance prior to the step of forming the stress application
film (see FIG. 30) in Embodiment 2. Otherwise, the thickness
of'the stopper film 9 may also be adjusted in advance prior to
the step of forming the stress application film 10 (see F1G. 54)
in Embodiment 3.

InEmbodiments 1 to 7 described above, the description has
been given using the n-channel MISFET as an example of
each of the MISFET (LT) and the MISFET (HT). However,
the study conducted by the inventors has proved that a p-chan-
nel MISFET also achieves the same effect. That is, even when
the p-channel MISFET is used as each of the MISFET (LT)
and the MISFET (HT), by using the SMT process in each of
Embodiments 1 to 7 described above, the effect described in
each of the embodiments is achieved.

While the invention achieved by the present inventors has
been specifically described heretofore based on the embodi-
ments thereof, the present invention is not limited to the
foregoing embodiments. It will be appreciated that various
changes and modifications can be made in the invention
within the scope not departing from the gist thereof.

(Note 1)

A method of manufacturing a semiconductor device,
including the steps of: (a) providing a semiconductor sub-
strate having a first MISFET formed in a first region, a second
MISFET formed in a second region, and a nonvolatile
memory cell formed in a third region; (b) forming a first
insulating film over the foregoing first MISFET, the foregoing
second MISFET, and the foregoing nonvolatile memory cell;
(c) forming a second insulating film over the foregoing first
insulating film; (d) removing the foregoing second insulating
film in the foregoing second region and the foregoing third
region therefrom; and (e) after the foregoing step (d), per-
forming heat treatment to apply a stress to the foregoing first
MISFET, wherein a gate length of the foregoing first MISFET
is smaller than a gate length of the foregoing second MISFET,
and wherein the foregoing nonvolatile memory cell has a first
gate electrode formed over the foregoing semiconductor sub-
strate, and a first gate insulating film formed between the
foregoing first gate electrode and the foregoing semiconduc-
tor substrate and having a charge storage portion in the inside
thereof.

(Note 2)

A method of manufacturing a semiconductor device,
including the steps of: (a) providing a semiconductor sub-
strate having a first MISFET formed in a first region, a second
MISFET formed in a second region, and a nonvolatile
memory cell formed in a third region; (b) forming a first
insulating film over the foregoing first MISFET, the foregoing
second MISFET, and the foregoing nonvolatile memory cell;
(c) forming a second insulating film over the foregoing first
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insulating film; (d) removing the foregoing second insulating
film in the foregoing third region therefrom; and (e) after the
foregoing step (d), performing heat treatment to apply a stress
to the foregoing first MISFET, wherein a gate length of the
foregoing first MISFET is smaller than a gate length of the
foregoing second MISFET, and wherein the foregoing non-
volatile memory cell has a first gate electrode formed over the
foregoing semiconductor substrate, and a first gate insulating
film formed between the foregoing first gate electrode and the
foregoing semiconductor substrate and having a charge stor-
age portion in the inside thereof.

(Note 3)

A method of manufacturing a semiconductor device,
including the steps of: (a) providing a semiconductor sub-
strate having a first MISFET formed in a first region, and a
second MISFET formed in a second region; (b) forming a first
insulating film over the foregoing first MISFET, and the fore-
going second MISFET; (c) forming a second insulating film
over the foregoing first insulating film; (d) removing a part of
the foregoing second insulating film in the foregoing second
region from a surface thereof such that a thickness of the
foregoing second insulating film in the foregoing second
region is smaller than the thickness of the foregoing second
insulating film in the foregoing first region; and (e) after the
foregoing step (d), performing heat treatment to apply a stress
to the foregoing first MISFET, wherein a gate length of the
foregoing first MISFET is smaller than a gate length of the
foregoing second MISFET.

(Note 4)

The method of manufacturing the semiconductor device
according to Note 3 further includes the step of: (f) after the
foregoing step (e), removing the foregoing second insulating
film; (g) after the foregoing step (f), removing the foregoing
first insulating film; and (h) after the foregoing step (g), form-
ing a silicide film over each of source/drain regions of the
foregoing first MISFET or the foregoing second MISFET
formed in the foregoing semiconductor substrate formed of a
silicon substrate.

(Note 5)

In the method of manufacturing the semiconductor device
according to Note 3, the foregoing first insulating film is a
silicon oxide film, and the foregoing second insulating film is
a silicon nitride film.

(Note 6)

A method of manufacturing a semiconductor device,
including the steps of: (a) providing a semiconductor sub-
strate having a first MISFET formed in a first region, and a
nonvolatile memory cell formed in a second region; (b) form-
ing a first insulating film over the foregoing first MISFET and
the foregoing nonvolatile memory cell; (¢) forming a second
insulating film over the foregoing first insulating film; (d)
removing a part of the foregoing second insulating film in the
foregoing second region from a surface thereof such that a
thickness of the foregoing second insulating film in the fore-
going second region is smaller than the thickness of the fore-
going second insulating film in the foregoing first region; and
(e) after the foregoing step (d), performing heat treatment to
apply a stress to the foregoing first MISFET, wherein the
foregoing nonvolatile memory cell has a first gate electrode
formed over the foregoing semiconductor substrate, and a
first gate insulating film formed between the foregoing first
gate electrode and the foregoing semiconductor substrate and
having a charge storage portion in the inside thereof.

(Note 7)

A method of manufacturing a semiconductor device,
including the steps of: (a) providing a semiconductor sub-
strate having a first MISFET formed in a first region, a second
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MISFET formed in a second region, and a nonvolatile
memory cell formed in a third region; (b) forming a first
insulating film over the foregoing first MISFET, the foregoing
second MISFET, and the foregoing nonvolatile memory cell;
(c) forming a second insulating film over the foregoing first
insulating film; (d) removing a part of the foregoing second
insulating film in the foregoing second region and the fore-
going third region therefrom such that a thickness of the
foregoing second insulating film in each of the foregoing
second region and the foregoing third region is smaller than
the thickness of the foregoing second insulating film in the
foregoing first region; and (e) after the foregoing step (d),
performing heat treatment to apply a stress to the foregoing
first MISFET, wherein a gate length of the foregoing first
MISFET is smaller than a gate length of the foregoing second
MISFET, and wherein the foregoing nonvolatile memory cell
has a first gate electrode formed over the foregoing semicon-
ductor substrate, and a first gate insulating film formed
between the foregoing first gate electrode and the foregoing
semiconductor substrate and having a charge storage portion
in the inside thereof.

(Note 8)

A method of manufacturing a semiconductor device,
including the steps of: (a) providing a semiconductor sub-
strate having a first MISFET formed in a first region, a second
MISFET formed in a second region, and a nonvolatile
memory cell formed in a third region; (b) forming a first
insulating film over the foregoing first MISFET, the foregoing
second MISFET, and the foregoing nonvolatile memory cell;
(c) forming a second insulating film over the foregoing first
insulating film; (d) removing a part of the foregoing second
insulating film in the foregoing third region therefrom such
that a thickness of the foregoing second insulating film in the
foregoing third region is smaller than the thickness of the
foregoing second insulating film in each of the foregoing first
region and the foregoing second region; and (e) after the
foregoing step (d), performing heat treatment to apply a stress
to the foregoing first MISFET, wherein a gate length of the
foregoing first MISFET is smaller than a gate length of the
foregoing second MISFET, and wherein the foregoing non-
volatile memory cell has a first gate electrode formed over the
foregoing semiconductor substrate, and a first gate insulating
film formed between the foregoing first gate electrode and the
foregoing semiconductor substrate and having a charge stor-
age portion in the inside thereof.

What is claimed is:

1. A method of manufacturing a semiconductor device,

comprising the steps of:

(a) providing a semiconductor substrate having a first MIS-
FET formed in a first region, and a second MISFET
formed in a second region;

(b) forming a first insulating film over the first MISFET and
the second MISFET;

(c) forming a second insulating film over the first insulating
film;

(d) removing the second insulating film in the second
region therefrom; and
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(e) after the step (d), performing heat treatment to apply a
stress to the first MISFET,

wherein a gate length of the first MISFET is smaller than a
gate length of the second MISFET.

2. A method of manufacturing a semiconductor device

according to claim 1, further comprising the step of:

(D) after the step (e), removing the second insulating film.

3. A method of manufacturing a semiconductor device
according to claim 2,

wherein, after the step (d), a thickness of'the first insulating
film in the second region is smaller than the thickness of
the first insulating film in the first region.

4. A method of manufacturing a semiconductor device

according to claim 3, further comprising the step of:

(g) after the step (f), removing the first insulating film.

5. A method of manufacturing a semiconductor device
according to claim 4, further comprising the step of:

(h) after the step (g), forming a silicide film over each of
source/drain regions of the first MISFET or the second
MISFET formed in the semiconductor substrate formed
of a silicon substrate.

6. A method of manufacturing a semiconductor device

according to claim 1,

wherein the first insulating film is a silicon oxide film, and
the second insulating film is a silicon nitride film.

7. A method of manufacturing a semiconductor device

according to claim 6,

wherein the step (d) is the step of etching the second insu-
lating film in the second region using, as a mask, a
photoresist film formed over the second insulating film
in the first region.

8. A method of manufacturing a semiconductor device

according to claim 6,

wherein the step (d) is the step of etching the second insu-
lating film in the second region using, as a mask, a mask
film made of a silicon oxide formed over the second
insulating film in the first region.

9. A method of manufacturing a semiconductor device

according to claim 3, further comprising the steps of:

(gl) prior to the step (f), forming, over the first insulating
film and the second insulating film, a third insulating
film made of the same material as that of the first insu-
lating film;

(g2) removing the third insulating film and the second
insulating film in the first region therefrom; and

(g3) after the step (g2), removing the first insulating film
and the third insulating film in the second region there-
from and removing the first insulating film in the first
region therefrom.

10. A method of manufacturing a semiconductor device
according to claim 2, further comprising, between the steps
(b) and (c), the step of:

removing a part of the first insulating film in the first region
from a surface thereof such that a thickness of the first
insulating film in the first region is smaller than the
thickness of the first insulating film in the second region.

#* #* #* #* #*



